SEMICONDUCTOR 
DIODES AND 
TRANSISTORS 


PROGRAMED 
INSTRUCTION 


VOLUME 2 
DIODE DEVICES 


TEKTRONIX PUBLICATION 062-0112-00 


SEMICONDUCTOR DIODES AND TRANSISTORS 


VOLUME 2 


DIODE DEVICES 


TEKTRONIX, INC. 
Р. 0. BOX 500 
BEAVERTON, OREGON 





062-0112-00 


Sixth printing APRIL 1968 





MARKETING TECHNICAL TRAINING 
© 1964, 1966, ТЕКТВОМХ, ІМС. 
ALL RIGHTS RESERVED 


SEMICONDUCTOR DIODES AND TRANSISTORS 
VOLUME 2 


DIODE DEVICES 


This volume is about the theory of operation and construction of semiconductor 
diode devices. It discusses their characteristics and parameters and methods of 
measuring them. It further discusses some typical uses and effects of external 
environment, including applied energy and surrounding temperature. 


PREREQUISITES: 


This volume assumes the reader's successful completion of Semiconductor Diodes and 
Transistors - Volume | - Basic Semiconductors and Diodes, or s equivalent. If 
the reader does not have this background, some outside study is indicated before 
starting this volume. 





BROAD OBJECTIVES: 


On successful completion of this volume, the reader will have applied the knowledge 
gained from Volume 1, Basic Semiconductors and Diodes, to the study of Diode Devices 
and shall have knowledge of the diode devices discussed in this volume. He shall 
also have prepared himself and met one of the prerequisites for Volume 3 and 4 of 
this semiconductor program series. 


SPECIFIC OBJECTIVES: 
On successful completion of this volume, the reader will be able to do the following: 


1. Recall that doping by diffusion is the process of heating the basic material 
while surrounding it with dopents in a gaseous form and that the dopents are 
taken into the basic material during the process, allowing close control of 
doping. 


2. Recall that silicon rectifiers can be made by diffusing a junction into high 
resistivity silicon and that this allows close control of the diodes character- 
istics. 


3. Recall that diodes constructed of such materials as copper oxide, selenium and 
germanium are limited to less than 100° centigrade maximum operating tempera- 
ture, while a diode made of silicon can operate to 175° centigrade. 


4, Recall that silicon rectifiers have the added advantages over other semiconductor 
rectifiers of high reverse breakdown (1000 volts), low reverse leakage current 
and high forward current handling capabilities due to the ability to withstand 
high densities of electrical charge. 


Recall that a silicon PN junction can conduct heavily when forward biased, but 
that only а small current flows when it is reverse biased. Recall that forward 
bias current is limited by the series resistance in the circuit. 


Recall that a forward biased junction has a low voltage across it, and that the 
forward voltage at low currents varies inversely with changes in temperature 
and is said to have a negative temperature coefficient of voltage. 


Recall that the application of an excessive reverse voltage will result in the 
diode entering avalanche breakdown (above 6 volts) or tunneling breakdown 
(below 6 volts), but that tunneling breakdown only occurs in very heavily doped 
junctions. 


Recall that a junction in avalanche breakdown has a positive temperature co- 
efficient of voltage and that a junction that is in tunnel breakdown has a 
negative temperature coefficient of voltage. 


Recall that an a-c voltage applied across a silicon rectifier will alternately 
forward bias and reverse bias the junction, and that most of the a-c voltage is 
across the diode during the period that it is reverse biased. 


Recall that a silicon diode in series with a load and an a-c source will result 
in pulsating d-c being supplied to the load, and that reversing the diode will 
reverse the polarity of pulsating d-c. 


Recall that the maximum reverse bias voltage that can be applied to the device 
at a given temperature without breakdown occuring is termed Peak Inverse 
Voltage and that the peak inverse voltage rating of the diode should be greater 
than the maximum expected peak input a-c voltage when the diode is employed in 
an a-c circuit: ын 


Recognize diode rectifier characteristics, including Peak Inverse Voltage, 
Average Half Wave Rectified Current, Maximum Forward Voltage Drop, Maximum Re- 
verse Current, Peak One Cycle Surge Current, Maximum Operating and Storage 
Temperature, and be able to define each of these characteristics. 


Recall that the maximum forward voltage drop of the diode and forward bias 
current can be used to find power dissipation to determine if the diode is 
working within its limits. 


Recall that the maximum reverse current and peak inverse voltage may be used 
to determine the reverse resistance of the diode. 


Recall that the maximum power dissipation is limited by the maximum allowable 
junction temperature, the ambient temperature, and the total thermal resistance 
for both the forward and reverse biased conditions. 


Recall that using an external heat sink with a diode reduces the total thermal 
resistance and for a given diode and ambient temperature, increases the 
maximum power dissipation capabilities of the diode. 


Recall that the Peak Inverse Voltage rating may be increased by stacking silicon 


rectifiers in series, but care must be taken to have equal reverse resistances 
and storage times in all the diodes used, or to compensate the circuit by 


20. 


21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


29. 


adding shunt resistors and/or capacitors. 


Recall that the shunting compensating resistors used with series stacked recti- 
fiers should be made as small as possible while still offering a high resis- 
tance to reverse current and typical values are about one half the reverse 
resistance of the diode. 


Recall that the differences in storage times in stacked rectifiers can be 
compensated with shunt capacitors and that the value of shunting capacitor can 
be calculated using the formula: 


c = ts (total) 
R 
L 


Recall that high voltage rectifier stacks are available with diodes cut from 
the same crystal to minimize the differences involved when dealing with peak 
inverse voltage. 


Recall that a diode at equilibrium has an area about the junction that is de- 
pleted of carriers and that the N and P regions separated by the depletion 
region can serve as a capacitor that can have its capacity varied by varying 
the bias voltage applied. 


Recall that specially made diodes are in use as voltage variable capacitors 
and recognize the symbol for the voltage variable capacitor, and be able to 
name the parts. 


Recognize an example of a zener diode as a diffused silicon P-N junction 
operating in the avalanche breakdown region above 6 volts and the tunnel break- 
down region below 6 volts (typically). 


Recall that rigid control of the diffusion of impurities in zener diodes is a 
method that allows close tolerance of breakdown voltage levels and that break- 
down voltages up to several hundred volts are obtainable. 


Recall that the voltage across the diode terminals changes very little over å 
wide range of currents once into the avalanche breakdown region, and that the 
point of breakdown is termed the zener knee. 


Recognize the voltage versus current curve for a zener diode and recall that 
the term zener diode is misleading because a great number of zener diodes work 
in the avalanche breakdown region (above 6 volts). 


Recall that with a series impedance to drop the added voltage and an applied 
voltage above the zener knee, the zener diode will maintain a near constant 
voltage across itself. 


Recall that the power limiting factors for zener diodes are the same as for 
any semiconductor diode and be able to recognize the symbol for a zener diode, 
and indicate the direction of electron current when the diode is in reverse 
breakdown. 


Recognize a basic zener diode circuit and compare its operation to the operation 


30. 


31. 


32. 


33. 


35. 


35. 


36. 


37. 


38. 


39. 


40. 


Al. 


of the gaseous V-R tube basic circuit. 


Recall that the minimum V-R tube voltage is limited to about 70 volts, while 
zener diodes are available over the entire voltage range up to several hundred 
volts. 


Recall that the gas V-R tube is limited between two current levels set by the 
internal geometry of the tube, while the zener diode current is limited by the 
junction geometry and thermal dissipation, allowing a wide range of zener 
voltages and power dissipations. 


Recall that the noise in a zener diode is of the same magnitude as that gener- 
ated by the gaseous discharge in the V-R tube, but that a shunt capacitance of 
0.01 to 0.1 pfd or more will reduce the noise by a factor of 10 in a zener 
diode, while this method of noise suppression is impractical with the V-R tube 
because it breaks into relaxation oscillations. 


Recall that a V-R tube will have voltage drift for several minutes when first 
turned on, while the zener diode has no measureable drift when turned on. 


Recall that the zener diode in avalanche has a positive temperature coefficient 
of voltage, while a forward biased diode has a negative temperature coefficient 
of voltage, and that forward biased diodes may be used to temperature compen- 
sate zener diodes. 


Recall that series opposed zeners find use in a-c circuits and that they tend 
to temperature compensate each others voltage as a result of opposing tempera- 
ture coefficients of voltage. 


Recall that a zener diode has similar specifications to the rectifier with the 
added zener information, and be able to read a specification sheet for a zener 
diode and determine its characteristics and limitations. 


Recall that some diodes are designed for rectifier service that have controlled 
doping for a reverse breakdown point that offers, along with rectification, 
peak inverse limiting. 


Recall that as the doping levels in a diode are increased, the voltage at which 
the diode enters reverse breakdown is reduced. Recall that a level of doping 
can be reached where tunnel breakdown occurs with forward voltage applied, and 
that tunnel diodes and backward diodes are this heavily doped. 


Recognize the energy band diagrams of a heavily doped junction where tunneling 
is enhanced, and be able to explain the results of biasing the junction with 
forward and reverse voltage. 


Recognize the portion of the tunnel diode El curve which represents a negative 
resistance or conductance, and be able to explain the tunnel diode El curve 
with the use of energy band diagrams. 

Recognize the parameters of a tunnel diode to include Peak Current ар. Valley 
Current о), Peak Voltage (y). and Valley Voltage М), and be able to define 


42. 


43. 


85. 


46. 


47. 


48. 


49. 


them. Recall the factors that determine the magnitude of these parameters. 


Make measurements on the tunnel diode El curve using the cathode ray tube dis- 
play of the type 575 Transistor-Curve Tracer, determining approximate negative 
conductance by use of the formula: 


2-1) 
sad Res 
За EM 

у7 р 


and recall that a separate variable resistor may be added to aid in the measure- 
ment. 


Recall that the negative conductance characteristic of the tunnel diode allows 
amplification with a two terminal device and recognize the symbols for a 
tunnel diode, and be able to name the parts. 


Recall that since the tunnel diode must remain in the negative resistance 
region to serve as a linear amplifier, the current swing of a tunnel diode is 
limited between lo and 1% and the voltage swing is limited between Ч, апа М, 


Recall that for amplifier service, the load line when plotted on the tunnel 
diode El curve must have a steeper slope than the negative resistance region 
of tunnel diode curve, therefore, the total positive resistance must be less 
than the absolute value of the diodes negative resistance. 


Recognize a basic series tunnel diode amplifier circuit and explain the ampli- 
fier action by use of the tunnel diode curve or the parameters and circuit 
components. Be able to predict voltage gain using the formula: 





where А, is voltage gain, rL is the positive resistance, and “ry is the nega- 


tive resistance of the tunnel diode. 


Recognize a basic parallel tunnel diode amplifier circuit and explain the 
amplifier action using the tunnel diode parameters and circuit components. Be 
able to predict the current gain using the formula: 


IL 


Ai = A) T Cs, 


where Ai is current gain, 9, is the conductance of the positive resistance, and 
-94 is the negative conductance of the tunnel diode. 

Recall that sufficient stray or lumped reactance will result in the tunnel 
diode breaking into oscillations and, therefore, the layout for low frequency 
circuits is not feasible. 


Recall that a total series positive resistance greater than the negative 


50. 


51. 


52. 


53. 


5h. 


55. 


56. 


57. 


58. 


59. 


60. 


resistance of the tunnel diode results in the tunnel diode acting as a switch, 
and be able to explain the switching action for current drive and voltage 
using the tunnel diode El curve and loadlines. 


Recall the circuit requirements for the three modes of operation of the tunnel 
diode; switching, stable, and oscillations. 


Recall that special tunnel diodes constructed to have low peak currents and to 
conduct heavily with a reverse bias applied are called "Backward Diodes" and 
that they have the advantage of a much lower conducting voltage drop than the 
conventional diode. 


Recall that fast switching diodes are constructed for low capacity and stored 
charge to enhance fast forward and reverse recovery. 


Recall the definition of the parameters and specifications of a fast switching 
diode, and recall that maximum current, voltage, and power dissipation are 
limited by the same factors as all diodes. 


Recall that a reduction of the minority carrier lifetime will reduce storage 
time and reduce switching time for a given forward current. 


Recall the definition of the forward and reverse recovery parameters of fast 
switching diodes, and relate them to the display on the cathode ray tube in a 
sampling system when using the Type 291 Diode Switching Time Tester. 


Recall that the "Snap-0ff'' diode has a controlled steep falling portion of the 
reverse recovery waveform and that this is accomplished by controlling minority 
carrier lifetime and shaping reverse recovery in the doping process. 
Recall that the Snap-Off diode, when switched from forward conduction to a 
reverse bias condition, will continue to conduct for the duration of the stored 
charge, but will cut-off or snap-off in a fractional nanosecond. 


Recall that using the snap-off portion of the snap-off diodes characteristic as 
the leading edge of a generated pulse results in a fractional nanosecond rise- 
time pulse. 


Recognize the construction of symbols for the El curve of the four layer diode, 
and be able to explain its operation using its El curve. 


Recognize the construction of, the symbols for, and the El curve of the Silicon 
Control Rectifier, and recall the effects of changing the magnitude of the 
applied gate current. 


The reader will know when he has met these objectives by correctly answering 90% 
of the questions in the self test at the back of this volume. 


INSTRUCTIONS 


The material in this volume is presented in a series of numbered statements. Each 
numbered statement is termed a "frame" and each group of frames bearing the same 
first number (3, 3.1, 3.2, etc.) is termed a "set". The answer to each frame is in 


a small box in the lower left hand corner of the following frame. 


The material is presented in three types of frames within a set; the "gating frame", 


the "teaching frame", and the "criterion frame''. 


The first frame in each set is the gating frame. Cover the following frame which 
contains the answers with the mask provided. Read the frame carefully, studying 
any diagrams that are provided, and fill in the blanks. Do not look at the answer 


until you fill in the blanks. 


Since there is no clue given to the answer, you must know something about the 

material to fill in the blanks in the gating frame. If you can answer the gating 

frame and you are sure of the material, skip to the next gating frame and continue. 

The gating frames are designed to give the-student that is familiar with the sub- ——— 
ject an indication of the information contained in the set and allow him to skip 


the set if he feels he knows the information covered. 


If you cannot answer the gating frame, continue with the teaching frames in that 
set, covering the answers and filling in the blanks. You will find clues to the 


answers in the teaching frames or their diagrams. 


The last frame in each set will have two (**) asterisks following the number. This 
is the criterion frame and, once again, no clue is given to the answers. The pre- 
ceding teaching frames should have provided the information needed to work the 


criterion frame. If your answer is wrong, go back and review the material in the 


teaching frames. 


You may progress through the program at any speed you select. Don't miss an 
opportunity to review the material in a set if you can answer the gating frame, 


but are a little hazy on the subject. 


This is not a test. You are not being graded and you are not expected to be able to 
answer the gating frames unless you have the knowledge to let you skip a set. If 
you answer the teaching frames or the criterion frames incorrectly, don't be con- 
cerned, but go back and review the previous frame or frames as needed. Answer from 
the information presented and, if your answer does not match, review the material 


before going on. 


If you would like to measure your gains with this volume, answer the self test in 
the back of the volume without grading it, before proceeding into the programed 
material. After completing the programed material, answer the self test again 
grading both attempts. This will give an indication of the gains realized with this 


volume. 
Do each set in sequence, starting with set 1. 


If you are ready to proceed with the programed material, turn to the first gating 


frame - - - 


GATING FRAME - 1 


Doping or adding impurities to the basic semiconductor by 

is the process of heating the basic semiconductor while surrounding it 
with the impurities in a form. The impurities are taken into 
the basic semiconductor during the process and this method of doping gives 


the advantage of close of impurity levels. 


Raising the temperature of a material increases the molecular and atomic 
activity. A temperature is reached at which impurities can enter the 


structure being heated. 


diffusion 


gaseous 


control 


Doping by the diffusion process involves surrounding the material to be 
doped with the impurities in a gaseous form. The impurities will "diffuse" 
or spread into the material when it is to the proper 


temperature. 





no answer needed 





By controlling the amount of impurities gas present, and by masking off 
or protecting the areas not to be doped, a close control of doping by 


can be obtained. 





heated 


1.5 


Figure | shows a sketch of the process of doping by diffusion. Тһе 


diffused area and the basic structure form a PN e 


diffusion 


Covering part of the semiconductor to be doped with a material that will 
not pass the impurity gas is termed "masking" the semiconductor for 
diffusion. Diffusion of impurities will take place only where the 


semiconductor is not . 





junction or diode 





Masking, limiting the impurity gas present, and setting the temperature 


allows close of doping by š 





masked 


Causing gaseous impurities to enter a piece of semiconductor by applying 
heat is termed doping by the process. Good control of 
doping can be obtained by controlling the temperature, the amount of 


gas present, and by the 








basic crystal. 


control 
diffusion 


END OF SET 


diffusion 
impurity 
masking 


2.1 


2.2 


2.3 


GATING FRAME - 2 


Silicon rectifiers are constructed by a junction into 








resistivity silicon. This process allows close 
(high, Tow) 


of the diodes characteristics. Silicon diodes can operate up to 
degrees centigrade, while other semiconductor diodes are limited to below 


degrees centigrade. 


Silicon rectifiers are PN junctions that have been diffused into a 


silicon crystal. 


diffusing 
high 
control 
175 

100 


Starting with high resistivity silicon and diffusing in the desired us 


junction allows close of the diodes characteristics. 


no answer needed 


Damage to the junction occurs at or above 100 degree centigrade in most 


semiconductor junctions. In junctions, however, this does 





not occur below approximately 175 degrees centigrade. 


— .My rTMF  — — 


control, tolerance, etc. 
— . 


2.4 Maximum allowable junction operating temperature is approximately 
degrees centigrade for germanium diodes, and 


degrees centigrade for silicon diodes. 


silicon 


2.5 Since silicon diodes can tolerate a higher junction temperature, they can 
handle power for a given ambient temperature and total ther- 


(more, less) 


mal resistance. 


Too 
15 


2,6. Germanium diodes are harmed at 


operating temperatures 
(higher, Tower) 


than silicon. 





more 





2.7** Diffused junction techniques in high resistivity silicon allows close 
control of silicon rectifier . |t is possible for a 


diode to tolerate a junction operating temperature of 


150 degrees centigrade, but not a diode. 





lower 





2.8 END OF SET 


characteristics, parameters, etc. 
silicon 


Germanium (or most semiconductors) 


— tn 


| 





3.1 


3.2 


3.3 


GATING FRAME - 3 


Silicon rectifiers designed for high power, low frequency service (below 
500 cycles) have the advantage over other semiconductor rectifiers of 
reverse breakdown voltage, reverse leakage 


currents, and forward current handling capabilities. 


Germanium and other semiconductor diodes generally have to be stacked in 
series for a high reverse breakdown voltage rating, while silicon 
diodes have been made with reverse breakdown voltages to 1000 volts and 


beyond. 


higher 
lower —— —— 


higher 


At a given temperature, there will be less minority carriers present ina 
silicon diode than other semiconductor diodes. Diode reverse current 
magnitude is dependent on the number of carriers present 


in the two sides. 





no answer needed 





At a given temperature, there will be less reverse bias current ina 
diode than other semiconductor diodes, since there are less 


carriers available. 


minority 


3.4 


3.5 


3.6 


3.7** 


Two advantages of silicon rectifiers over other semiconductor types are 
higher breakdown voltage and lower bias 


current. 





соп 
minority 


Silicon diodes can withstand higher densities of electrical charge than 


other semiconductor diodes. Germanium diodes can handle 
(more, less 


forward current at a given temperature than silicon diodes. 


reverse 
reverse 


Silicon diodes can handle more heat producing power at the junction at a 
given ambient (surrounding air) temperature because the maximum allowable 


junction is higher than other semiconductor diodes. 





less 





Silicon diodes lend themselves well to rectifier service since they can 


withstand high bias voltages, high bias 


currents while offering low bias currents. 





temperature 


3.8 


END OF SET 


reverse 
forward 
reverse 


4.1 


4.3 


GATING FRAME - 4 


When a silicon diode is forward biased by a voltage greater than approxi- 
mately 1 volt, the is limited by the series resistance 
in the circuit. Very little current flows when the diode is reverse 
biased until the breakdown point is reached and then 

is limited by the series resistance in the circuit. 


The point at which reverse breakdown occurs is dependent. 


Figure 4A shows the forward characteristic of a silicon diode. The for- 


ward voltage point at which there is a significant increase in forward 


current is approximately volts of forward voltage. 
current 

avalanche (reverse) 

“current — 


temperature 


The only difference in the two measurements shown in figure HA is the 
resistance in series with the diode. With a greater resistance in series 


with the diode, current can flow for a given applied voltage. 


(more, Tess) 


o 
a 


In figure 4A, with a series resistance of 50 ohms and the applied voltage 
shown, a maximum of about ma of forward current can flow. With 
a series resistance of 100 ohms, a maximum of only about ma of 


forward current can flow with the same applied voltage. 





less 





44% 


4.5 


4.6 


4.7 


Current is primarily limited by the once 


the diode has been essentially turned on in the forward direction, and the 


current will vary as the value of series resistance 
S ¿pra (directly, versely) 

250 

125 

With reverse voltage applied, only a small current flows, limited by the 
number of carriers available. 








inversely 


When the avalanche breakdown point is reached, multiplication of carriers 
results in the current increasing sharply. Once into avalanche, the 


current is primarily limited by the series in the circuit. 


minority 
When used as a rectifier, the voltage point at which avalanche breakdown 


occurs, limits the a-c voltage which can be applied to 


the diode. 


resistance 


== 


4.8 Figure 4B shows a test set-up to measure the reverse breakdown of a 
silicon diode. The diode shown breaks down at about 1480 volts of re- 


verse voltage. 





peak (maximum) 





4.9 Mod 122C is a modification to the Type 575 to extend its voltage range to 
1.5K volts to observe the reverse characteristics of 


diodes and transistors. 


no answer needed 





4.10 The diode shown in figure 4B will break down at 


the same, a different) 


reverse voltage if measured at a different surrounding air temperature. 


breakdown 


4,11 Since a change in temperature effects the reverse breakdown voltage, the 


should be specified when stating the maximum reverse 





voltage that can be applied to a diode. 





a different 


4.127 


4.13 


Once effectively turned on by forward voltage, the diode current is pri- 
marily limited by the in series. Only thermally 
generated carrier current flows when the diode is re- 
verse biased until avalanche breakdown is reached. Once in avalanche 
breakdown, current is limited primarily by the 

in the circuit and the voltage point at which breakdown occurs is 


dependent. 





temperature 


END OF SET 


resistance 
minority 
series resistance 


temperature 


5.1 


5.2 


GATING FRAME - 5 


With forward voltage applied and significant forward conduction, approxi- 
mately volts appear across a silicon rectifier at room 
temperature. At low currents, this voltage will vary with 
temperature changes, and the diode is said to have a 


temperature coefficient of voltage. 


At 25 degrees centigrade, a forward biased silicon rectifier has approxi- 
mately 0.7 volts across its terminals and the remainder of the applied 


voltage appears across the series impedance in the circuit. 


SILICON RECTIFIER 











50 VOLTS = 49.3 VOLTS 
+ 

0;7 =0.7 VOLTS 

inversely 

negative 

The voltage across the series impedance of the circuit will be the 


difference between applied voltage and the voltage across the 





no answer needed 


5.3 


5.4 


5.5 


impedance 


The current in the circuit will be equal to the voltage across the series 
impedance divided by the series impedance. The current will be primarily 


limited by the series of the circuit when the diode 
is in forward conduction. 





diode 





When forward voltage is applied to a diode, the total circuit series 


must limit the forward bias current below the maxi- 
mum allowable forward current of the diode. 





impedance 





The voltage across the diode will change with a change in temperature. 
The diagram indicates that, at low forward currents, the voltage across 


the diode will with an increase in junction temperature. 





5.6 


5.7 


5.8 


The diode is said to have a negative temperature coefficient of voltage 
at low forward currents. The forward voltage drop of the diode goes 


with a decrease in junction temperature. 


*Tup, down) 


decrease 


Since the forward voltage drop varies inversely as the temperature varies 
at low currents in a silicon rectifier, it is said to have a 


temperature of voltage. 


The forward current in the circuit shown is approximately 


SILICON RECTIFIER 






20 VOLTS 2002 


+ 


negative 
coefficient 


5. Sk 


The forward biased silicon rectifier has approximately volts 
dropped across the diode and the remainder of the voltage is across the 
series impedance of the circuit. The forward voltage across the diode 


varies with temperature changes, and the diode is 


(directly nversely) 


said to have a temperature coefficient of voltage when 


forward biased. 


considering 0.7 volts across the diode and 19.3 volts 


across 200 ohm, 19.3V 

га 7900 = 96.5 ma 
OR neglecting the drop across the diode, 

20V 

1а 2000 = 100 ma 
END OF SET 
0.7 
inversely 


negative 


6.2 


6.3 


GATING FRAME - 6 


Heavily doped junctions with reverse breakdown voltages below 6 volts 
have a temperature coefficient of voltage in the break- 
down region, and lighter doped junctions with breakdown voltages above 6 
volts have a temperature coefficient of voltage in the 


breakdown region. 


An increase in temperature increases the voltage requirements to cause 
avalanche breakdown in a silicon rectifier. Avalanche breakdown occurs 


at reverse voltages 6 volts. 


(above, below) 


negative 
positive 
Tunnel or zener breakdown occurs in heavily doped junctions with reverse 


breakdown voltages 6 volts. 


(above, below) 





above 





An increase in temperature causes a decrease in the voltage across a 
diode in tunnel breakdown, and it is said to have a tempera- 


ture coefficient of voltage when operated in tunnel breakdown. 








6.4 


6.5 


6.6 


A silicon rectifier in avalanche breakdown is said to have а 
temperature coefficient of voltage, and a decrease in temperature re- 


sults ina in the voltage across the diode. 


JV 6v 








negative 


A diode in avalanche breakdown will have greater than 6 volts across the 


diode, and a positive temperature 


positive 
decrease 


A diode in tunnel breakdown will have less than 6 volts across the diode, 


and a temperature coefficient of voltage. 





coefficient 
of 


voltage 


6.7** Voltage across the diode varies directly with temperature when the diode 


is in the breakdown region 6 volts, and the voltage across 
(above, below) 


the diode varies inversely with temperature when the diode is in breakdown 


6 volts. 


above, below) 


negative 


6.8 END OF SET 


above 
below 


GATING FRAME - 7 


7 Placing a silicon rectifier in series with an a-c source and a load 
resistance results in the a-c source alternately and 
biasing the diode on alternate half cycles and deliver- 
ing pulsating to the resistance. Reversing the 
connections on the diode reverses the of the voltage 


across the load resistance. 


7.1 The instantaneous polarity of the a-c source shown will 
bias the diode and result in the greatest portion of the applied voltage 


being across the 










SILICON RECTIFIER 


LOAD 
RESISTOR 
2K 


Forward. A-C SOURCE 


reverse 
4-с 
polarity 


7.2 The instantaneous polarity of the a-c source shown will 
bias the diode and result in the greatest portion of the applied voltage 


appearing across the . 


SILICON RECTIFIER 


LOAD 
RESISTOR 


2K 
A-C SOURCE 


forward 
load resistor 


7.4 


7.5 


A reverse biased diode an open circuit and has 
(is, is not) (some, no) 


current flowing. 





reverse 
silicon rectifier or diode 


With reverse current flowing when the diode is reverse biased, there will 
be some voltage across the load. This voltage will be proportional to 


the amount of reverse 


is not 
some 


The diode in the diagram can allow a large electron current to flow 


54- SMALL ELECTRON CURRENT 


SILICON RECTIFIER 











LARGE O POINT I 
ELECTRON 
CURRENT 







LOAD 
RESISTOR 








A-C SOURCE 
O point 2 


(limited by the load resistance) when forward biased, and only a small 
reverse current when reverse biased. The voltage across the load will be 
pulsating d-c and point l will be with respect to 


(negative, positive) 


point 2. 


current 


7.6 Reversing the connections on the diode, as shown, results in point I being 


with respect to point 2. 


SMALL ELECTRON CURRENT -->- 


SILICON RECTIFIER 
















LARGE © POINT I 
ELECTRON 


CURRENT 
LOAD 


A-C SOURCE 


же POINT 2 
negative 
7.7 The silicon rectifier allows easy conduction when forward biased, and 


very little conduction when reverse biased. Placed in series with an 


a-c source, it will deliver to the load. 


positive 


7.8 The polarity of the pulsating d-c can be changed by reversing the 


connections on the 


pulsating d-c 





7.9** The silicon rectifier will convert a-c to 
The a-c will alternately bias and bias the 
diode. Reversing the connections on the diode reverses the 


of the pulsating d-c. 





diode 





7.10 END OF SET 


pulsating d-c 
forward 
reverse 


polarity 


GAT ING ЕВАМЕ - 8 


8 The maximum reverse voltage at a given temperature than can be applied to 


a diode before breakdown occurs is termed the 





rating and this should be greater than the maximum 
expected value of applied a-c voltage. Maximum re- 
verse current is also measured at this point, and the two values may be 


used to determine the reverse of the diode. 


8.1 With the instantaneous polarity of the a-c source shown, most of the 
applied voltage is across the diode. If the peak value of the applied 


a-c voltage is too high, the diode will 












SILICON 
RECTIFIER 






— É——— A-C SOURCE 
peak inverse voltage 


peak 
resistance 


8.2 The maximum peak reverse or inverse voltage that can be applied before 
breakdown occurs is termed peak inverse voltage. The peak value of 


applied a-c voltage should be than this value. 
more, less 


break down (avalanche) 


8.3 


8.4 


8.5 


8.6 


Maximum reverse current is measured at the peak inverse voltage point 


and is the maximum current at a given temperature that will flow with 


inverse voltage applied. 





less 





The reverse resistance of the diode can be found by dividing peak in- 


verse voltage by maximum 





peak 





Given a peak inverse voltage rating of 500 volts and a maximum reverse 
current of 10 uamps (both given at 25 degrees centigrade), the reverse 
resistance of the diode is ohms. 


reverse current 


The same diode as stated in frame 8.5 has a maximum reverse current of 
500 цатрв ас 150 degrees centigrade. Its reverse resistance has de- 


creased to approximately ohms at this temperature. 


50 meg 


8.7 


The product of maximum reverse current and reverse resistance is equal to 
the 





rating of the diode. 





I meg 











8.8 The maximum reverse voltage that can be applied to a diode without break- 
down occuring is termed the 
rating and the temperature should be specified. Reverse resistance may 
be found by dividing the peak inverse voltage rating by the maximum 
== == rating. 
peak inverse voltage 
8.9 END OF SET 


peak inverse voltage 
reverse current 


9.2 


GATING FRAME - 9 


The maximum forward voltage drop is the maximum voltage across the 
when forward biased at a given forward current and 
Maximum forward current is the maximum steady state 
current that can be passed by the rectifier at a given . The 
product of forward voltage and current gives the 


and these two values may also be used to calculate forward 


The forward voltage drop of the diode will vary with both forward current 


and temperature. The forward voltage drop (at low currents) will 


(increase, decrease) 


with a decrease in temperature. 


diode 

temperature 
temperature 

power dissipation 
resistance 


Since forward voltage drop will vary with and forward 


both must be specified when a maximum value of forward 





voltage is given. 


increase 


9.3 


9.4 


9.5 


9.6 


The product of maximum forward current and voltage will give the maximum 
power dissipation of the diode. Dividing forward voltage by forward 
current gives the forward of the diode. 


temperature 
current 


The product of total thermal resistance and forward power dissipation 
gives the rise in junction temperature due to power dissipation. Adding 
this rise in junction temperature to ambient temperature gives the 


junction temperature. 


resistance 


The product of power dissipation and the thermal resistance of the diode 
plus ambient temperature must be less than the maximum operating 
of the diode. 





no answer needed 





If the product of total thermal resistance (9,4) and power dissipation 


(P4) added to the ambient temperature is higher than the maximum oper- 


ating temperature of the diode, the diode will be 


temperature 


9.7 


9.8 


9.9% 


"Average half-wave rectified current" is used to designate maximum steady 
state current. Peak one cycle surge current indicates a non-repetitive 
peak of current. Maximum peak one cycle surge current will have а 


value than average half-wave rectified current. 


(higher, lower) 


damaged (destroyed) 


The maximum allowable operating temperature of the junction and the 
ambient temperature set a limit on the maximum power dissipation (current 
and voltage) of a diode, therefore, maximum values of current and voltage 


should be given at a value of temperature. 





higher 


The product of forward voltage and current gives the dissi- 
pation. Maximum forward voltage drop is the maximum voltage across the 
diode at a given forward and temperature. Average half- 
wave rectified current is the maximum 

forward current that can be passed through the diode at a given tempera- 
ture. Forward voltage divided by gives the 


forward resistance. 


ambient 
END OF SET 


power 

current 

steady state (d-c) 
forward current 


10.3 


GATING FRAME - 10 


Power dissipation in silicon rectifiers as in all diode devices, is 
limited by maximum allowable temperature, 

temperature, and total for both the forward 
and reverse biased conditions. Attaching the diode thermally to an ex- 


ternal heat sink increases power handling for a given diode and 





The difference between the ambient temperature and the maximum allowable 
temperature of the junction gives the allowable rise in junction tempera- 


ture due to dissipation. 


junction 
ambient (surrounding air) 
thermal resistance 


ambient temperature 


The product of forward current and voltage must not cause the junction 
temperature to go above maximum diode operating temperature. This is al- 
so true of the voltage and current product. 





power 





The maximum power dissipation of a forward biased and a reverse biased 


diode is limited by factors. 


(the same, different) 


reverse 


10.4 


10.5 


10.6 


10.7** 


A diode operating in avalanche breakdown has its power dissipation limited 
by the same factors as a forward biased diode. A given diode can dissi- 


pate power at a lower ambient temperature. 
(more, less 


the same 


Heat sinking a diode reduces its total thermal resistance, junction to 


ambient, and allows more power dissipation for a given diode and 








Heat sinking serves purpose when the diode is 


(the same, a different) 
operated in a reverse biased mode as/than when it is operated in the 


forward biased mode. 


ambient temperature 


Total , ambient temperature, and maximum allowable 


temperature limits power dissipation in all semiconductor 





diodes whether they are or biased. Heat 


sinking increases possible power dissipation for a given diode and 








the same 


10.8 


END OF SET 


thermal resistance 


junction 
forward 
reverse 


ambient temperature 
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11 A higher peak inverse voltage rating may be obtained by stacking recti- 
fiers in series. For proper operation, the series rectifiers must have 


near equal reverse and times. 


1.1 Stacking three silicon rectifiers with peak inverse voltage ratings of 
500 volts in series should result in a combined peak inverse voltage 


rating of volts. 






SILICON RECTIFIERS 





LOAD 
re: tances 
Storage _ _ 
11.2 If the three stacked rectifiers have equal reverse resistances, the 
applied reverse voltage will divide equally across the three. If the re- 


verse resistances are not equal, the largest reverse resistance will 


have the greater reverse voltage drop. 


11.3 


11.5 


The reverse voltage across the series diodes will be proportional to the 
reverse resistance of the diodes. If the reverse resistances are not 


, One of the diodes may have too much reverse voltage 





across it and enter a breakdown condition (assuming the applied voltage 


is greater than the diodes breakdown voltage). 


no answer needed 





When a diode is changed from a forward biased condition (conducting) to a 
reverse biased condition, the stored charge about the junction must be 


removed before the current can decrease to its normal low value. 





equal (the same, etc.) 





As the stored charge is removed, the reverse voltage starts appearing 
across the diode. Current must fall to its minimum value before the 


entire is across the diode. 





no answer needed 


If series rectifiers have different stored charges, it will take different 
times to remove the stored charge when reverse voltage is applied to the 
conducting diodes. One diode will attempt to become essentially 


-conducting before the others. 


reverse voltage 


11.7 


11.9** 


11.10 


When one series rectifier loses its stored charge before the others, 
nearly the entire applied will appear 


across the faster diode. 


non 


With unequal stored charges in series rectifiers, the diode with the 
smallest stored charge can be harmed since it will have the full peak 


inverse voltage across it until the is removed 





from the other series diodes. 


inverse voltage 
or 


reverse voltage 


When diodes are placed in series to increase the peak inverse voltage 
rating, they should be checked for similar charges and 


resistances. 





stored charge 





END OF SET 


stored 
reverse 


GATING FRAME - 12 


12 The effects of different reverse resistances in series rectifiers can be 
reduced by shunting . The optimum value is approximately 


one half of the of the diode. 


12.1 Shunting all of the stacked series diodes with resistors will reduce the 
effects of the differences in reverse resistances of the diodes. Care 


should be taken that the have equal values. 





s SILICON RECTIFTERS 


LOAD 


resistors 
reverse resistance 





12.2 The shunting resistors should be high enough in value to limit reverse 
current, but low enough in value to aid in distributing the applied 


equally among the diodes. 


shunting resistors 





12.3 


12.4 


12,585 


The reverse resistance of the diode can be found by dividing peak inverse 


voltage by maximum reverse 


inverse voltage 
or 


reverse voltage 


Typical values of shunting resistors are one half the reverse resistance 
of the individual diodes. This is small enough to aid in distribution of 


the applied reverse voltage while large enough to limit 


current 


Shunting resistors reduce the possibility of breakdown as a result of un- 
equal reverse in series stacked rectifiers. The 
optimum value of shunting resistors is approximately one 

of the of the diode. 








reverse current 





END OF SET 


resistances 


half 


reverse resistance 


GAT ING FRAME 13 


Unequal storage times in series stacked silicon rectifiers can be compen- 


sated by use of shunting . Optimum values can be 


(total) where R. is the total series 
l= R 


L 


is the sum of the diode 


found by the formula 





and ts (total) 


times. 


Shunting the individual series stacked diodes with capacitors slows the 
response of the diodes, but minimizes the possibility of reverse break- 
down as a result of different times in the individual 


diodes. 


capacitors 
с 
resistance 


storage 


Shunt capacitors slow the fall time of the reverse current when the diode 
is switched from forward conduction to a reverse biased condition, and 
the diode will take time to change from a low to a high 


(more, less) 


resistance. 


storage 


With capacitors shunting the individual diodes and slowing their tran- 
sition from conducting to non-conducting, there is less chance of a 
damaging reverse appearing across one diode in a 


series stack. 





more 





13.5 


For optimum performance, the time constant of the shunting capacitors and 
the series resistance in the circuit should be equal to the total storage 


time of the diodes or C RL = where C is the shunting capacitor, 


ts (total)? 
R, is the series resistance in the circuit, and © is the sum of the 


L 
of all the diodes. 





voltage 


, the value 





Transposing the formula C R. = ts(total)' 


of the shunting capacitor is equal to the total storage time divided by 


the series 





storage times 


Using three diodes in a series stack whose average storage time is 
2 useconds and a series resistance in the circuit of 6002, the optimum 


value of shunting capacitor is 





с. іше) 6х106 , 
ETR, ="%om = 


resistance 


13.7 


13.8%% 


13.9 


If we assume that the capacitors shown have been properly selected to 
protect the diodes, we might approximate the average storage time of the 


diodes by transposing the formula: 


C= ts(total) 


By 


ts (total) 7 L 





-6 
ts (total) - 0.02 х 1077 600 


Ç _ 's(total) 0.02 х 1076 600 , 
5 (ауегаде) ^ (f£ of diodes) ^ 3 TE — 


0.01 pfd 


Shunt ing reduce the effects of different storage 


times in series stacked rectifiers. The optimum value for compensation 


may be found using the formula 


= ts (total) 


—— R 





L 
where ts (total) equals total time, and RL equals total 
series 
4 ¡seconds 
END OF SET 


capacitors 
с 

5%огаде 
resistance 
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14 High voltage silicon rectifier stacks that do not need compensating 
capacitors and resistors are made with all cut from 
the same . This minimizes the problems encountered when 


dealing with applied voltages. 


14.1 Diodes carefully made from the same crystal will have similar forward and 


reverse characteristics. 


diodes (junctions) 


crystal (piece of silicon) E 





reverse 
14.2 With similar forward and reverse characteristics, compensating 
and/or are not normally necessary when the diodes are 





stacked in series to increase the peak inverse voltage rating. 





no answer needed 





14, 34% High voltage rectifier stacks are made with diodes from the same 


to minimize the need for compensating 





and/or 





resistors 
capacitors 


14.4 


END OF SET 


crystal 


resistors 


capacitors 


GAT ING FRAME - 15 


A junction at equilibrium has a region about the 
junction and the junction appears as a charged which 
may be varied by applying forward or reverse bias voltage. Diodes which 
are constructed to use this characteristic in circuitry are referred to as 


variable 


When a junction is formed, recombination occurs until a state of equili- 
brium or balance is reached and a difference exists 


across the junction. 


depletion 
capacitance, capacitor, etc. 
voltage 


capacitors 


The formation of ions in the two sides of the junction during initial re- 


combination results in an area around the junction that is depleted of 


carriers and referred to as the region. 
JUNCTION 





potential; Voltage, ete. POSITIVE IONS NEGATIVE IONS 


15.3 The two ends of the diode separated by the depletion region serve as a 





depletion 
15.4 Forward bias forces carriers into the depletion region which, in effect, 
moves the plates of the capacitor closer together, 


increasing, decreas ing) 


capacitance. 





capacitor 








15.5 Reverse bias widens the depletion region by moving carriers farther from 
the junction, decreasing capacitance. An a-c voltage applied to a diode 
will alternately and the capacitance. 
increasing 

15.6 By varying the voltage on the diode, the capacitance can be varied. 


Diodes constructed for this purpose are referred to as 


variable 


increase 
decrease 


15.8 


15.9 


15.10 


Voltage variable capacitors are simply diodes constructed with a pre- 
dictable versus voltage characteristic at a given 


temperature. 


voltage 
capacitors 


Figure 15A shows a voltage versus current and capacitance chart for a 
diode. The diode will have the greatest change in capacitance for a 


change in voltage in the biased region. 





capacitance 


In figure 15A, the capacity falls to minimum when point 1 is reached, 
since the sharp increase in current, effectively out 


the capacitor. 


forward 


Figure 15B shows a test set-up to measure capacitance of a junction. 


The dashed line indicating in figure 15A can be 





obtained using this set-up. 


shorts 


15.11% A voltage variable capacitor is a diode constructed to have predictable 


versus capacity characteristics. The capacity is 





varied by application of or bias. 
The capacitance is made up of the two ends of the diode separated by the 


region. 





capacitance 


15.12 END OF SET 


voltage 
forward 
reverse 
depletion 


GATING FRAME - 16 


16 is the symbol for a voltage variable capacitor. 


The capacitance is controlled and varied by the applied 


16.1 A voltage variable capacitor is a semiconductor diode designed to serve 
as a variable capacitor. In the diode symbol shown, A is the 
and B is the 


x | 


voltage 


16.2 The diode symbol is modified to indicate a voltage variable capacitor. 
The capacitor symbol is added to the diode symbol as shown. The added 


arrow indicates that it is 


DIODE VOLTAGE 
cathode VARIABLE 
anode CAPACITOR 


16.3 


16.4 


16.5 


In the voltage variable capacitor symbol shown, A is the 


and B is the anode. 


B 
A 
variable 
The polarity of bias shown will bias the capacitor and 


the capacitance of the diode with respect to its 


( increase, decrease) 


static condition. 


cathode 


To reduce the capacity of the diode shown, point A must become 


negative. 


(more, less) 


forward 
increase 





16.6 в 


А is the symbol for a 
A indicates the , and B indicates the 


The capacitance is varied by changing the applied 





more 





16.7 END OF SET 


voltage variable capacitor 
cathode 
anode 


voltage 00000000 


17 


17.1 


17.2 


17.3 


GATING FRAME - 17 


A diode designed to operate in the reverse breakdown region with a near 
constant voltage drop is termed a diode. The name is 
misleading, as many of these diodes operate in breakdown. 
Close control of doping by the process allows the 
fabrication of diodes with reverse breakdown voltages from a few volts to 


several hundred volts. 


By controlling the amount of doping impurities added and the geometry of 
the junction while using silicon as the intrinsic material, zener diodes 
can be constructed that will break down at a wide variety of 


voltages. 


zener 
avalanche 
diffusion 


The greater the amount of doping impurities, the the re- 


(higher, Tower) 


verse breakdown voltage. 


reverse 


Doping by diffusion allows close control of the doping levels and the re- 


verse voltage of a zener diode. 








17.4 Zener diodes designed to break down below 6 volts are probably doped heavy 


enough to enhance tunneling. 


breakdown 


17.5 Tunneling or zener breakdown occurs in very narrow junctions as a result 
of heavy doping, and breakdown occurs below volts of re- 


verse voltage. 


no answer needed 


17.6 The name zener diode is often misleading as many zener diodes have break- 


down voltages above 6 volts and operate in breakdown. 


17-7 Once into the breakdown region, the voltage across the 


terminals changes very little over a wide range of currents. 








avalanche 


17.8 With an impedance in series with the zener diode to drop any extra 
voltage and an applied voltage greater. than the reverse breakdown voltage 
of the diode, the voltage across the will change 


very little with changes in applied voltage or current through the diode. 


Vs = 50V Vs = 55V 
v = 25V у; = 25V 
Va = 25V Vo = 30V VARIABLE 





VOLTAGE 


SOURCE 


Vs ZENER 


DIODE IN 
BREAKDOWN 





diode or junction 








17.9 Operated in the breakdown region, the zener diode will maintain a near 
constant across its terminals with changes in 
applied and 





diode 


17.10 Zener diode voltages from a few volts to several hundred volts have been 


obtained by controlling the 


process. 


voltage 
voltage 
current 


17.11 Although called a zener diode, many of these diodes work in 


breakdown. Controlling the 


levels with the diffusion 


levels provide zener diode 


voltages from a few volts to several hundred volts. Operated in break- 


down, the voltage across the diode changes very little with changes in 


applied 


doping or impurity 


17.12 END OF SET 


avalanche 
doping 
voltage 


and current. 
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FIGURE 18A 
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18 Point A in figure 18A is the and, with 
40 ma of reverse current, there will be approximately volts 
of voltage across the diode. With 20 ma of forward 
current flowing, there will be approximately volts of 
voltage across the diode. This diode is designed to 


work in the region of its characteristics. 


18.1 Point A in figure 18A is the point of entry into the reverse breakdown 
condition and is termed the zener knee. The 


in figure 18A occurs at approximately 24 volts. 


zener knee 

25 

reverse 

0.7 

forward 

reverse breakdown 


18.2 The zener diode is designed to work beyond the zener knee or, in the case 


of the diode in figure 18A, in breakdown (breakdown 


occurs above 6 volts). 


zener knee 


HOR I ZONTAL 
0.2V/div. 












HORIZONTAL 


" VERTICAL oiv. 


10ma/div. 


COLLECTOR 4 COLLECTOR 
VOLTS 0-20V I 


+ POLARITY 


6v 
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FIGURE 18A 


18.3 


18.4 


18.5 


18.6 


The curve tracer in figure 18A is first adjusted for a horizontal sensi- 
tivity of 0.2 volts/division, and a vertical sensitivity of 10 ma/division 


and a plus polarity. The resultant display is the plot of diode 


(forward, reverse) 


versus 


avalanche 


The curve tracer in figure 18A is then adjusted for a horizontal sensi- 
tivity of 5 volts/division, and a vertical sensitivity of 10 ma/division 
and a minus polarity. The resultant display is a plot of reverse 


versus 


forward 
voltage ---- -- 
current 


A photographic exposure is made of both the forward and reverse display, 
and the resultant curve shows both the forward and reverse characteristics 
of the zener diode. The exact center of the scale used in figure 18A 


indicates (#) volts and (#) current. 


voltage 
current 


If it is desired to have 25 volts across the diode in figure 18A, it 


should be operated near a reverse current of ma. 


fe] 






+ POLARITY 
0-20V 


6V 
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COMPOSITE 


DOUBLE EXPOSURE SHOWING 
BOTH THE FORWARD AND 
REVERSE CHARACTERISTIC 
OF A ZENER DIODE 


FIGURE 188 


18.7 


18.8 


18.9 


18.10 


Operating with 40 ma of reverse current and 25 volts, the diode will 


dissipate watt/s of power. 


40 


The center of the scale or graticule used in figure 18B indicates zero 


and zero 


The horizontal scale of reverse voltage (Vp) in figure 18B is 20 volts/ 
major division. The zener knee occurs at approximately 4.6 major divi- 


sions from zero or approximately volts of reverse voltage. 


voltage 
current 


With forward voltage applied and the diode conducting 50 ma of forward 
current, the diode in figure 18B will have about volts 
across its terminals. (Remember to use the horizontal and vertical 


sensitivities for the forward characteristic.) 
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FIGURE 188 


18.11 With 10 ma of reverse current flowing through the diode in figure 188, 


about volts appears across the diode. (Use the horizontal 


and vertical sensitivities for the reverse characteristics.) 


o 
ч 


18.12** Properly biased for normal zener diode operation, the diode in figure 188 
will have about volts of voltage across its 
> (forward, reverse) 
terminals. 
93 
18.13 END OF SET 
93 


reverse 


19.1 


19.2 


GATING FRAME - 19 


is the symbol for a zener diode. Operated in 


breakdown, electron current will flow the arrow in the 
(with, against) 
symbol. Power dissipation is limited by consider- 


(the same, different) 


ations as other diodes. 


AZ is added to the conventional diode symbol to indicate a zener diode. 


The zener diode is normally biased in circuitry. 


forward, reverse) 


Y DIODE ZENER 


with DIODE 
the same 


Rectifier diodes conduct heavily when forward biased and depend on 


carriers crossing the junction and becoming 


(majority, minor i ty) 


carriers which find imperfections and recombine. 


reverse 





19.3 


19.4 


19.5 


The zener diode operates in a reverse biased mode and depends on 


carriers crossing the junction for current. 





majority 
minority 


Electrons from the P side of zener diodes are accelerated toward the N 


side and result in avalanche beyond the zener knee. 


minority 


Electrons will flow from the P side to the N side, or 
(with, against) 


the arrow in the zener diode symbol. 


SS oe O ZENER 
breakdown DIODE 


19.6 


19.7 


19.8 


For proper operation, Å should be with respect to B, and greater 
(+, -) 


than volts. Cwill be å volts with 
(F o=) 


respect to D. 






DC 
SOURCE 


with 


Assuming no components were harmed if the terminals of the zener diode 
were reversed, about volts would be measured between C 
and D in the circuit shown if the polarity of the source remained the 


same. 


7 
50 

(-) 
20. 





The same power dissipation limiting factors apply to the zener diode as 


other diodes, although it is normally operated in a 





biased mode. 


Ы 







oc 
SOURCE 


R 
DROPPING 






OUTPUT 












FIGURE 20 
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19.9** 


19.10 


A is the symbol for a diode. Normal 
operation has electron current flowing from to 


in the symbol. factors limit power dissipation in 


(The same, Different) 


this diode as/than other diodes. 


reverse 


END OF SET 


zener 

B 

A 

The same 


20 


20.1 


29.2 


20.3 


GATING FRAME - 20 


Figure 20 compares the basic zener diode circuit with the familiar gas 
filled regulator tube or VR tube circuit. The VR tube is limited to a 
minimum voltage of about volts, and current levels set 
by the internal geometry of the tube. The VR tube will have 


drift for several minutes when first turned on. 


The basic operations of the VR tube and the zener diode in figure 20 are 
the same. The applied voltage is than the breakdown 


(higher, lower) 


voltage of the zener and the ionization level of the VR tube. The series 
drops the added voltage. 


70 кенен m 
voltage 


The circuit to be supplied is connected across the output terminals and 
receives a regulated voltage. If the load current changes, the 


of a zener diode (or VR tube) will change to compensate. 


higher 
resistor 


If the voltage of the d-c source in figure 20 changes value, the zener 


diode (or the VR tube) changes its current, dropping a different voltage 


across the while holding output voltage constant. 


current 


20.4 


20.5 


20.6 


20.7 


—no answer needed 


One advantage of the zener diode over the VR tube is its availability 
over the entire voltage range from a few volts to several hundred volts. 


The VR tube is limited to the minimum ionization voltage of the gas used. 


resistor 


The minimum voltage of gas used in VR tubes is about 
70 volts. This means that VR tubes must operate at volts 


or above. 


The current in a VR tube is limited by the internal size and shape or 
geometry of the tube. If too much current flows, the tube burns up and, 
if too little current flows, the gas and the tube 


does not function. 


ionization 


p C an 
When first turned on, the VR tube gas takes a few minutes to stabilize. 


During this "warm up'' period, the output voltage of the VR tube is not 


stable, while the zener has no measureable drift when first turned on. 


de-ionizes 


20.8 


20.9: 


20.10 


The output voltage of the VR tube wi ll when first turned 


on, while the zener diode output voltage will not. 


no answer needed 


The zener diode and the tube are similar in operation, 
but with the zener diode offering a wider variety of 5 
less when first turned on and a wider range 


of currents, while holding voltage near constant. — 


drift, vary, etc. 


END OF SET 


VR (voltage regulator 
voltages 
output or voltage drift 


output or diode 
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The noise levels generated by the gaseous discharge in a VR tube and a 


zener diode in avalanche are of magnitude. The 
(the same, ferent 





noise in a can be suppressed by a shunting 








capacitor, while the same compensation on a 





could cause it to break into relaxation oscillations. Optimum values of 


capacitors range from to ufd. 


The continuous ionization and de-ionization of the gas in a VR tube, and 


the avalanche effects of the zener diode generate about the same amount 


of noise. 


the same 
zener diode 
VR tube 
0.01 

0.1 


A capacitor placed in shunt with the zener diode will reduce the 


by a factor of 10 when the capacitor has a value of 


0.01 to 0. lufd. 











DC 
SOURCE 


NOISE 
SUPPRESSOR 


no answer needed 





21.4 


21.5 


When placing a capacitor in shunt with a VR tube, the limited ionization 
current levels of the VR tube cause it to break into relaxation oscill- 
ations. Although the zener diode generates about the same amount of 
noise, it can be compensated with a shunt 





noise 





A 0.01 ufd to 0.1 ufd capacitor in shunt with a zener diode 
the noise level by a factor of about 10. 


will reduce 











oc 
SOURCE 


NOISE 
SUPPRESSOR 


capacitor 
The noise generated in a zener diode can be reduced to about one tenth 


its magnitude by addition of a shunt capacitor of about 
ыға. 


ufd to 


no answer needed 


21.6%% 


About the same magnitude of noise levels are generated in the zener in 
breakdown and a VR tube when the gas is 


The noise in the 





can be compensated with a shunt capacitor of 0.01 to ufd, 


while the same compensation on a could 





result in relaxation oscillation occuring. 
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END OF SET 


avalanche 
ionized 
zener diode 
0.1 


VR tube 


22 


22. 


22. 


1 


2 


GATING FRAME - 22 


A zener diode in avalanche breakdown has a tempera- 

ture coefficient of voltage, and a forward biased diode has a 

temperature coefficient of voltage at low currents. In series, they 
compensate each other. Series opposed 


diodes tend to temperature compensate each other. 


An increase in temperature results in a decrease in the voltage across a 
forward biased diode. This is termed a negative temperature coefficient 


of voltage. 


positive 
negative 
temperature 
zener 


A diode in avalanche breakdown has a positive temperature coefficient of 
voltage, and the voltage across the diode will with 


crease, decrease) 


an increase in temperature. 


no answer needed 


22.3 Placed in series, the decrease in voltage across one will tend to offset 


the increase in voltage across the other with changes in 













FORWARD 
BIASED 
DIODE 






OUTPUT 
ZENER 
increase 
22.4 If one forward biased diode gives insufficient compensation, more may be 
added in with the zener diode. 
FORWARD 
BIASED 
D-C DIODES 
SOURCE OUTPUT 
ZENER 
temperature 
22.5 Since forward biased diodes and zeners (operating in avalanche breakdown) 


have opposite temperature coefficients of voltage, connected in series 
they temperature each other and maintain a more 


constant output with changes in temperature. 





series 





22.6 A forward biased zener diode in series with a zener diode operating in 


avalanche breakdown will have temperature 


(the same, opposite) 


coefficients of voltage. 













FORWARD 





BIASED 
DIODE 
OUTPUT 
REVERSE 
BIASED 
compensate ZENER 
voltage 
22.7 Zeners are available, connected in series opposition in the same encapsu- 
lation. This type of zener will tend to compensate 
the across its terminals. 
TEMPERATURE 
COMPENSATED 
ZENER 
opposite 
22.8 Forward biased diodes in series with zener diodes are used for temper- 
ature compensation of voltage. An increase in temperature will cause an 
increase in the voltage across diode , and a decrease in 
the voltage across diode in the diagram. 
D-C 
SOURCE OUTPUT 
temperature 





voltage 


22.9** Compensating the positive temperature coefficient of voltage of a 
with the negative temperature coefficient 
of voltage of a diode results in very 
little change in voltage across both devices for a change in 
Zener diodes connected in series opposition tend to temperature compen- 


sate the across the two devices. 


a 
A 


22.10 END OF SET 
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23.1 


23.3 


GATING FRAME - 23 


The 10 watt, 47 volt zener diode listed in figure 23 will offer 
ohms impedance to an a-c signal when operated at the nominal zener 


voltage, and has а %/°C zener voltage temperature coefficient. 


The number preceeding the M in the Motorola type number indicates the 


wattage rating, while the number following the M indicates the nominal 


zener voltage. 


Ё? 


The IN2 is a 10 watt, 47 volt zener diode, and the nominal 


zener voltage was measured at a test current of ma. 


no answer needed 


The zener voltage of a given zener diode will vary with both zener 


current and 
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23.4 


23.5 


23.6 


23.7 


The temperature coefficient of zener voltage indicates the percentage of 


variance of nominal zener voltage for each 





of temperature change. 


temperature 


A change in temperature of 10°C will cause a change of % of 
the nominal zener voltage of a 1N2995 zener diode. 


degree centigrade 


A zener diode operating at ¡ts nominal voltage has sufficient 60 cycle 
voltage applied to cause an a-c current to flow equal to one-tenth of the 
zener current. The opposition to a-c current is calculated and given the 


symbol Zar: The 1N2995 in figure 23 has a Tu of ohms. 





0.09%/°C x 10°C = 0.9% 





The a-c impedance is also measured in the same fashion just beyond the 
zener knee and given the symbol 73 Zak of the 1N2995 is 


ohms. 


іг! 
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23.8 


23.9 


23.10 


23.11 


The nominal zener voltage is followed by a Z in the Motorola type number, 
indicating a zener diode. The number following the Z indicates the 


tolerance. 


No number following the Z indicates 20% tolerance. A 10 following the Z 
indicates a 10% 








no answer needed 





A 10M100Z10 is a watt, volt zener diode 


having a % voltage tolerance. 





tolerance 





The zener diode 10M100Z10 can have a zener voltage ranging from a low 


of volts to a high of volts. 


10 
100 
10 
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23.12 The a-c impedance of the 10M100Z is ohms at the 


nominal zener voltage and test current. 


90 
ilo 

23.13** — A 1N2835 can pass a maximum of ma of zener current (at 
55°C), and dissipate watts of power (at 30°C), and has a 


nominal zener voltage of volts. (Refer to figure 23.) 


40 


23.14 END OF SET 
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GATING FRAME - 24 


Some diodes designed for power rectifier service have controlled doping 
for a predictable breakdown voltage. This gives the 


added advantage of peak inverse 


Controlling the doping levels and the geometry of the junction of power 
rectifier diodes allows the reverse breakdown point to be controlled as 


with the diode. 





reverse 
clipping or limiting 


If the applied voltage swings above the reverse breakdown of the diode, 
clipping occurs. During clipping, the current is limited by the 


in the circuit. 





zener 





Such a diode will serve as a rectifier and give the added advantage of 


peak 


series resistance 


24,4 


24.5 


24.6 


24, Pk 


no answer needed 


Power rectifiers with predictable reverse breakdown voltages may be used 
to set voltage levels or clip at a given voltage where the accuracy is 


not too critical. 


inverse (reverse) limiting (clipping) 


Sometimes termed an avalanche diode, this device may be used to insure 
that the output point of a vacuum tube or transistor circuit does not 


swing beyond an approximate level (as an example). 


Constructing a power rectifier with a predictable reverse breakdown 
voltage combines some of the characteristics of the diode 


with the power rectifier. 


no answer needed 


Diodes with predictable reverse breakdown voltage, while designed to 


function as rectifiers, give the added advantage of 





zener 





24.8 END OF SET 


peak inverse limiting 
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GATING FRAME 25 


Sufficient impurities can be added to an intrinsic semiconductor forming a 
PN junction that is in tunnel breakdown with zero bias applied and does 
not come out of breakdown until a value of bias is 
applied. and diodes are formed 


in this fashion. 


Increasing the amount of doping impurities used to form the PN junction 
reduces the voltage level at which the diode enters breakdown. Breakdown 


occuring below approximately 6 volts is generally due to 









<— Va 
Ve > 


— INCREASED DOPING LEVELS 
forward DECREASED BREAKDOWN VOLTAGE 
tunnel 


backward 


Increasing the doping levels beyond the point where breakdown occurs at 


zero volts, results in the diode remaining in breakdown with forward 


voltage applied. 100 ma 10 ma 






lv 
Nr 


TUNNEL 
BREAKDOWN 
y POINT 





tunneling 


25.3 The diode conducts readily with either forward or reverse voltage applied 
when breakdown occurs in the forward voltage region 


of the El curve. 





no answer needed 


25.4 The diode exhibits a near zero volt turn-on characteristic when doped 
heavy enough to have breakdown occuring in the 


voltage region. 








tunnel 

25.5 Tunnel diodes and backward diodes are both heavily doped junctions that 
have breakdown occuring with forward voltage 
applied. 
tunnel 


forward 


25.6 An El curve of a diode showing the diode in tunnel breakdown with forward 


bias applied must be for a ora 
diode. 





tunnel 





25.7 Tunnel diodes and backward diodes are doped with sufficient impurities to 
cause tunnel breakdown to occur between the volts point 


and the normal forward turn on voltage point. 





lk TUNNEL NORMAL. 
‘tunel y BREAKDOWN FORWARD 
baciward POINT TURN ON POINT 
25.8 The tunnel and the backward diode are constructed in much the same 
fashion. Heavy doping causes a very junction and enhances 


breslidown: (narrow, wide) 





zero 





25.9** diodes and diodes are formed 
by heavy doping, causing the tunnel breakdown point to occur in the 





bias region. 


(forward, reverse) 


nar row 
tunnel 


25.10 END OF SET 


tunnel 
backward 
forward 


GATING FRAME - 26 


26 Tunnel diodes are so heavily doped that the fermi levels are moved into 
the band in the N side and into the 
band in the P side. The fermi levels must line up for a state of balance 
or equilibrium to exist, and in a tunnel diode the bands of the two sides 


when the diode is at equilibrium. 





26.1 The tunnel diode has the side doped heavy enough to 
move the fermi level into the band as shown in the 
diagram. 


Cu epe. Gu 


CONDUCTION BAND 







——— CRYSTAL WIDTH ——3Ó» 
conduction 


valence SEMICONDUCTOR HEAVILY DOPED 
overlap WITH DONOR INPURITIES 
26.2 The tunnel diode has the side doped heavy enough to 


move the fermi level into the band as shown in the 


LL SLAY 
CONDUCTION BAND 


Рл FERMI LEVEL: 
р == э FP of - 
VALENCE BAND 


CRYSTAL WIDTH —> 


diagram. 


ENERGY 


¡A SEMICONDUCTOR HEAVILY DOPED 
conduction WITH ACCEPTOR IMPURITIES 


26.3 


26.4 


26.5 


When the tunnel diode junction is formed, the levels 


must line up at zero bias. 






w S x 
P VALENCE BAND 


valence 
SIDE 


With the tunnel diode fermi levels lined up with no external energy 
applied, there is an overlapping of the band in 
the N side and the band in the P side. 


FERMI LEVEL 





OVERLAP 


fermi 








For this program, the process known as "quantum mechanical tunneling" will 
be simplified to the process of an electron on one side of the junction or 
barrier crossing the junction without having sufficient energy to do so in 
the normal fashion. It is possible in narrow junctions when the bands are 
overlapped for electrons to move with great speed from the valence band of 
the P side to the conduction band of the N side and vice versa, instead of 
moving from the conduction band of one side to the conduction band of the 


other side. 


conduction 
valence 


26.6 With no external energy applied, carriers are sitting at the same energy 


levels on both sides of the junction. Tunneling takes place in both 


directions by the same amount, and the net current flow is 





no answer needed 





26 7995 Tunnel diodes are formed by doping N and P sides into a semiconductor so 
heavily that the fermi level is in the conduction band of the 


side, and in the valence band of the side, and these two 


bands at zero bias. 





zero 





26.8 END OF SET 
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GATING FRAME - 27 


Tunneling at zero bias is possible when there is an of the 
energy bands. The negative resistance region of the tunnel diode curve 
occurs as the bands when bias is 
applied. Reverse bias results in an increase in tunneling from the 


to the side. 


Figure 27A is the energy band diagram of a tunnel diode at equilibrium. 


The levels are alligned, and the net current is 


overlap 
uncross 
forward 
Р 

k 


The net current is zero in fiqure 27A, because the number of 


electrons is the same from N to P material and vice-versa. 


fermi 
zero 


For this program, the process known as "quantum mechanical tunneling" will 
be simplified to the process of an electron on one side of the junction or 
barrier crossing the junction without having sufficient energy to do so in 
the normal fashion. It is possible in narrow junctions when the bands are 
overlapped for electrons to move with great speed from the valence band of 
the P side to the conduction band of the N side and vice-versa, instead of 
moving from the conduction band of one side to the conduction band of the 


other side. 
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27.4 


27.5 


27.6 


27.7 


Figure 27B has a small amount of forward bias applied, and increased 
tunneling is enhanced from the side to the 


side. 


no answer needed 


Tunneling from the N side to the P side is increased with application 


of a small bias. 


N - 
sP. 


The net current is no longer zero, but depends on the increase in the 
number of electrons that as a result of the appli- 


cation of forward bias. 


forward 


The letter designations on the tunnel diode El curve in figure 27 
indicate the points on the curve that correspond to the energy band dia- 


gram marked with the same letter. 
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27.8 


27.9 


27.10 


27.11 


Figure 27C has sufficient forward bias applied to start uncrossing the 
bands. Part of the conduction band of the N side has been lifted oppo- 
site the band 


no answer needed 


Tunneling is reduced when the bands start to uncross. The current will 


start to with the condition in figure 27C. 
(increase, decrease 


A further increase in forward bias, as shown in figure 27D, results in 
the complete uncrossing of the bands, and current falls to its 


value. 


decrease 


A still further increase in forward bias lifts the band 
of the N side opposite the conduction band of the P side, and normal diode 


forward current results, as shown in figure 27E. 
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27.12 
27.13 
27.14 
27.15 


The portion of the diode curve in figure 27 between points B and D has 
current decreasing with an increase in voltage. This represents a 


resistance or conductance. 





negative, pos 


conduction 


Figure 27F has reverse bias applied, and tunneling is increased from the 


side to the side. 


negative 


The complete El curve in figure 27 shows the tunnel diode turning on at 


or near zero volts of or voltage. 


> 
W: 


The portion of the El curve (in figure 27) from A to F and from A to B 
represents a resistance, while the portion from B to 
D represents a resistance, and then the portion from 


D on once again represents a resistance. 


forward 
reverse 


27.16 
27.17 
27.18** 
27.19 


At zero bias, the tunnel diode has the conduction band of the N side and 
the valence band of the P side overlapped and separated by a 


junction. 


(wide, narrow) 


positive 
negative 
positive 


The of the bands at zero bias enhances tunneling. 


----------- 


Application of voltage increases tunneling from the 


(forward, reverse) 


N to the P side. 


narrow = 


A tunnel diode has the conduction band of the N side and the valence band 


of the P side at zero bias. As forward voltage 
is applied, the bands uncross and a negative char- 
acteristic results. Further increase in voltage 


after the bands are uncrossed results in normal diode current. The 
tunnel diode turns on at near zero volts of or 


voltage. 


A _ A AA 


overlap 
forward 


END OF SET 


A _ _ A Aá>2]23= 
overlapped, opposite one another 
resistance or conductance 
forward 

forward 

reverse 


reverse _ ——— 
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PLUG-IN WITH TUNNEL DIODE DRIVER ADAPTER*, PHOTO BELOW TAKEN 
WITH TEKTRONIX TYPE C-12 OSCILLOSCOPE CAMERA. 





*  NON-PRODUCTION ITEM 


| 


FORWARD 
CURRENT 
(ma) 





FORWARD VOLTAGE (VOLTS) ——————> 


FIGURE 28 


28 


GATING FRAME - 28 


Point A in figure 28 is termed , and its 





magnitude is determined by junction . Point B is 





termed , and its magnitude is a 
measure of the of the tunnel diode. Point C 
is termed , and Point D is termed 


Both of their magnitudes are de- 


termined by the type of used. The portion of the 


tunnel diodes El curve between C and D represents a 





resistance or conductance. 


Point A in figure 28 is the point at which the bands start to uncross. 
Tunnel current is at its peak and the magnitude at this point is termed 


current. 


--------------- 


peak current 
geometry, size, etc. 
valley current 
merit, etc. 

peak voltage 

valley voltage 
semiconductors 


negative 


Peak current magnitude is dependent on the number of electrons that can 


tunnel. A large junction cross section will allow electrons 
(more, less) 


to tunnel than a small cross section. 





peak 








TEST SET-UP: TEKTRONIX TYPE 547 OSCILLOSCOPE, TYPE ''0'' OPERATIONAL AMPLIFIER 
PLUG-IN WITH TUNNEL DIODE DRIVER ADAPTER*. PHOTO BELOW TAKEN 
MITH TEKTRONIX TYPE C-12 OSCILLOSCOPE CAMERA. 


*  NON-PRODUCTION ITEM 


| 


FORWARD 
CURRENT 
(ma) 





FORWARD VOLTAGE (VOLTS) ——— — —- 


FIGURE 28 


28.3 


28.4 


28.5 


28.6 





Peak current magnitude is determined by the geometry of the junction. 


Tunnel diodes are etched to size, and this sets the value of 





more 





Point B in figure 28 is termed valley current. This is the point of 
minimum current as the bands uncross. It gets its name because it lies 


between the two slopes. 


in the 


peak current 





Point C in figure 28 is the voltage point at which peak current occurs 


and is termed 





valley 


Point D is the voltage point at which valley current occurs and is 


termed 








peak voltage 








TEST SET-UP: TEKTRONIX TYPE 547 OSCILLOSCOPE, TYPE ''0'' OPERATIONAL AMPLIFIER 
PLUG-IN WITH TUNNEL DIODE DRIVER ADAPTER*. PHOTO BELOW TAKEN 
WITH TEKTRONIX TYPE-C-12-OSCILLOSCOPE CAMERA. 


%* NON-PRODUCTION ITEM 


FORWARD 
CURRENT 
(ma) 





FORWARD VOLTAGE (VOLTS) ———> 


TUNNEL DIODE El CURVE 


FIGURE 28A 


28.7 


28.8 


28.9 


28.10 


The type of semiconductor used determines the magnitude of peak and 
valley voltage. Typical peak and valley voltage for germanium tunnel 


diodes are 100 mvolts and 350 mvolts respectively. 





valley voltage 





The EI curve in figure 28A for a germanium tunnel diode. 


(is, is not) 





no answer needed = 





Figure 28A is an El curve of a germanium tunnel diode. Vp (peak voltage) 


is approximately mvolts, and Vy (valley voltage) is 
approximately mvolts. 








lp (peak current) in figure 28A is approximately ma, 
and ly (valley current) is approximately ma. 
100 


Б 





TEST SET-UP: TEKTRONIX TYPE 547 OSCILLOSCOPE, TYPE ''0'' OPERATIONAL AMPLIFIER 
PLUG-IN WITH TUNNEL DIODE DRIVER ADAPTER*, PHOTO BELOW TAKEN 
WITH TEKTRONIX TYPE C-12 OSCILLOSCOPE CAMERA, 


%* NON-PRODUCTION ITEM 


FORWARD 
CURRENT 
(ma) 


TUNNEL DIODE 
CONDUCTANCE 





M 


FORWARD VOLTAGE 


(VOLTS) ? 


DOUBLE EXPOSURE SHOWING TUNNEL DIODE EI 
CURVE (TOP) AND CONDUCTANCE CURVE (BOTTOM) 


FIGURE 288 


28.11 


28.12 


28.13 


28.14 


negative 


Figure 28B indicates that the peak current point is the point of change 


from a positive to a conductance. 


T 
9.5 


The negative conductance (or resistance) portion of the tunnel diode 


curve occurs between voltage and 





voltage. 





The negative conductance changes to a conductance 


at the valley current point, as shown in figure 28B. 


peak 
valley 


The amount of noise generated in the tunnel diode appears to be related 
to the amount of valley current flowing. The greater the magnitude of 


valley current, the greater the n 


positive 


28.15 


28.16 


28.17% 


28.18 


The magnitude of negative conductance depends on the ratio of peak current 
to valley current. The lower the magnitude of current, 


the better the tunnel diode in most cases. 





noise 





A figure of merit for a tunnel diode is the magnitude of 


current. 


valley- — 


The magnitude of peak current is determined by junction 


Valley current magnitude is a figure of of the tunnel 
diode. voltage and voltage magni- 


tudes are determined by the type of semiconductor used. The portion of 


the tunnel diodes operation between peak current and valley current is 








an area of conductance or resistance. 
valley 
END OF SET 


geometry, cross section, etc. 
merit 

peak 

valley 


negative 


29 


29.1 


29.2 


GATING FRAME - 29 


If a positive resistance is definied as a resistance that dissipates power, 
then a negative resistance can be defined as a resistance that will 

power. Operated in the resistance 
region, the tunnel diode can serve as an amplifier, with either a 


or connection with a positive re- 





sistance. 


A generator supplying current to two positive resistances as shown will 
have total current distributed between the two resistances. The voltage 


across the two resistors will be the same. 


generate 
negative 
series 

parallel 





A generator supplying current to a positive and a negative resistance, 
as shown, finds the resistance supplying current 
to the resistance. The current in the positive 


resistor can be greater than the input current. 


GENERATOR 





no answer needed 





29.3 Current gain can be accomplished by driving a positive resistance in 
parallel with a negative resistance. Since the voltage across the 


resistors is the same as that across the input generator, only 





gain is possible. 





GENERATOR 
negative 
positive 
29.4 A negative resistance generates power, allowing amplification. A 


connection of a negative and positive resistance allows 


current gain. 


current 


29.5 The tunnel diode operated in the proper portion of ¡ts characteristics 
will serve as a negative resistance, and will give current gain when 
placed in with a positive resistance and properly 


biased. 


parallel 


29.6 The tunnel diode operated as a parallel amplifier will offer a power gain 








equal to the gain, since the gain is 
(current, voltage) (current, voltage) 
unity. 
parallel 
29.7 A tunnel diode placed in series with a positive resistance as shown, 


shows the generator a resistance which is the algebraic 


of the positive and negative resistance. 





г 
GENERATOR 
current 
voltage 
29.8 In the circuit shown, the input generator sees ohms of 


resistance. 


2 mvolts 
+ 


INPUT 
GENERATOR 





sum 


29.9 The current in the circuit shown is ma and will develop 


volts across the positive resistance. 





2 mvolts 
= 
480 + (-502) = -20 
29.10 Since there is -48 mvolts across the positive resistance and an input of 


2 mvolts, a voltage gain of has occurred. 


2 mvolts — -1 
-20 5 
-1 та х 480 - -48 mvolts 


29.11 Since the current through the resistors and the input generator is the 


same, current gain is , and power gain is proportional 





to the gain. 


R 
INPUT 80 
GENERATOR 4 





-48 mvolts 
2 mvolts ~ Б 


29.12 


29.13 


29.10% 


29.15 


A negative resistance in with a positive resistance 





can offer voltage gain. 


unity, one 


voltage 


A tunnel diode can serve as the negative resistance if properly biased in 
a proper circuit and, when placed in series with a positive resistance, 


offers gain. 


(current, voltage) 





series 
A resistance can be defined as a resistance that 
generates power, while a resistance is defined as a 





resistance that dissipates power. A tunnel diode has a negative resis- 


tance characteristic and, in with a positive resis- 





tance, can offer current gain. 


voltage 


END OF SET 


negative 
positive 
parallel 





30 


30.1 


30.2 


GATING FRAME - 30 


is the symbol for a tunnel diode. When used as 


an amplifier, the combination of the negative andspositiwe conductances 


must give a resultant conductance that is . This 
(negative, positive) 
requires that the positive resistance be than the nega- 


(greater, less) 


tive resistance of the tunnel diode. Tunnel diodes, as emplifiers, are 


limited to frequency operation. 


In most diagrams, the normal diode symbol is modified by the addition of 


lines to indicate a tunnel, or a -g to indicate negative conductance. 





ANODE 
-g 
-9 CATHODE 
positive 
less 
high 





The symbol shown is also used to indicate the tunnel diode. The small 


rounded portion of the symbol represents the 





ANODE 


CATHODE 


no answer needed 








FORWARD 
CURRENT 
(ma) 


20 









FORWARD VOLTAGE 


(VOLTS) 







AV % 0.1 VOLTS 


PARALLEL AMPLIFIER 


INPUT 


GENERATOR 





FIGURE 30 


30.3 


30.4 


30.5 


30.6 


When used as an amplifier, the combination of the positive and negative 
conductances must give a resultant positive conductance. This means the 


resistance must be the larger of the two. 





cathode 


A requirement for tunnel diode amplifier operation is that the 


in the circuit be less than the 





negative resistance of the tunnel diode. 


negative 


If the positive resistance is equal to or greater than the diodes nega- 
tive resistance, the diode will switch between the positive slopes, as 


it cannot enter the negative region. 








positive resistance 





In figure 30, the dashed curve is the tunnel diode curve, the dotted 
line is the resistors El characteristic, and the solid curve is the com- 
bination of their characteristics when they are placed in parallel. To 


serve as an amplifier, A to B must represent a 





conductance. 





resistance (or conductance) 











FORWARD 
CURRENT 
(ma) 


20 





FORWARD VOLTAGE 






AV =0.1 VOLTS 


PARALLEL AMPLIFIER 


INPUT 


GENERATOR 





FIGURE 30 


30.7 


30.8 


30.9 


30.10 


The negative resistance of the diode in figure 30 is greater than the 


positive resistance. Small changes in the input current cause 


the same, larger) 


changes in the output or load current. 


positive 


The load resistor of 12.60 in figure 30 has a conductance (s) of 
79,400 umhos, and the negative conductance (-94) of the tunnel diode is 


71,400 umhos. The conductance of the parallel combination is a 


(negative, positive) 


umhos. 





larger 





The sum of the conductances in parallel give the slope of the resultant 


curve between A and B in figure 30. A conductance of 8000 umhos is a 


resistance of ohms. 





positive 
8000 


The generator driving the tunnel diode circuit in figure 30 sees an input 


resistance of ohms. 


ah ы 











FORWARD 
CURRENT 
(ma) 






FORWARD VOLTAGE 


(VOLTS) 







AV % 0.1 VOLTS 


PARALLEL AMPLIFIER 


INPUT 


GENERATOR 





FIGURE 30 


30.11 


30.12 


30.13 


30.1% 


The input current is the change in input voltage divided by the input 
resistance. In figure 30, with an input voltage of A0.1 volts, the input 


current is ma. 


125 


The output current is measured between C and D on the resistor line in 


figure 30, and is ma. 





100 mvolts 


= 0.8 
1250 она - — 





The current gain is found by dividing the output current by the input 


current, and in figure 30, the current gain is 


| e] 


The current gain is essentially the load conductance divided by the input 


conductance. In figure 30, 3. Ks 


Sin 





RESULTANT OF RESISTOR AND TRIPLE EXPOSURE COMPARING 
TUNNEL DIODE IN PARALLEL THE THREE CURVES 


TEST SET-UP: TEKTRONIX TYPE 547 
OSCILLOSCOPE, TYPE ''0'' OPERATIONAL 
AMPLIFIER PLUG-IN WITH TUNNEL DIODE DRIVER 
ADAPTER* AND TYPE C-12 OSCILLOSCOPE CAMERA 


** NON-PRODUCTION ITEM 


NOTE: The non-linearity of the resistor 

El characteristic at the start (left hand) 
side is due to using the oscilloscope 

sweep waveform to drive the adapter. The 
sweep starts below ground and a diode in 
the adapter disconnects during this period. 
The non-linearity at the end (right hand) 
of the resistor El characteristic is due to 
limited current in the adapter power supply. 
The area of interest is linear, however. 





FIGURE 30A 


30.15 


30.16 


30.17 


30.18 


Since the current gain is equal to the load conductance divided by the 


input conductance, the current gain can be predicted by the formula: 


A, == where Sin = 





6 


79,400 x 107% 19 


8,000 х 107 
The tunnel diode breaks into oscillations when small amounts of induct- 
ance and/or capacitance are present. The layout for low frequency oper- 


ation adds enough inductance and/or capacitance to cause the diode to 





aL F (9g) 


The tunnel diode, as an amplifier, is limited to high frequency operation 


where the inductance and capacitance may be kept 





oscillate 


Figure 30A shows the test set-up used to obtain the information in figure 


30. The resultant curve represents a conductance. 








small, minimum, low 





30.19** B 


А А 15 the and B is the 
in the symbol shown for a diode. The parallel com- 
bination of positive and negative conductance must give a positive con- 


ductance resultant if the tunnel diode is to serve as an 





and the negative resistance of the tunnel diode must be 


( 1е55, greater) 
than the positive resistance. Tunnel diode amplifiers are limited to high 
operation so that the reactances may be kept to 


a minimum. 


positive 


30.20 END OF SET 


cathode 
anode 
tunnel 
amplifier 
greater 
frequency 


31 


31 


31 


2 


GATING FRAME - 31 


The series tunnel diode amplifier must have a negative resistance 


than the total series positive resistance. The total 
less, greater) 
9 


possible current and voltage changes are limited by the 
resistance area of the tunnel diodes characteristic for both series and 
parallel amplifier configurations. The series amplifier offers 


gain, and the algebraic sum of the positive and nega- 
voltage, current) 


tive resistances is the resistance of the amplifier 


circuit. 


In order to serve as an amplifier, the tunnel diode must be biased in 


and operate in the negative resistance region of its characteristic. 





Maximum current change is limited between peak current and 


current. 


greater 
negative 
voltage 
input 


Since the tunnel diode must remain in the negative resistance region to 
serve as an amplifier, maximum possible voltage change is limited be- 


tween voltage and voltage points. 


valley 


31.3 
31.4 
31.5 
31.6 


Figure 31 is a set of curves for a series tunnel diode amplifier. The 

dashed curve is the tunnel diodes El curve. The dotted line is the load 
resistors El characteristic, and the solid curve is the series resultant 
curve and results from the algebraic of the series resis- 


tances. 





peak 
valley 


The algebraic sum of the load resistor (ri) and the negative resistance 


of the tunnel diode Cra) in figure 31 is ohms. 


ry + (rg) = 12.60 + (-140) = 7 


sum 


The generator in figure 31 sees an input resistance of -1.42. An input 


voltage change of 11.9 mvolts causes a current change of ma. 


AV 11.9 mvolts _ 2 


г, © -1.40 ы 
in 


гі + Cr) = 12.60 + (-140) = -1.40 


The 8.5ma change flows in the positive resistor (r) of 12.6 ohms and 


develops a voltage change of mvolts. 


AE =Al ry = -8.5ma 12.60 = ? 





Has E 





31.7 


31.8 


31.9 


31. 10% 


The voltage gain is found by dividing the output voltage by the input 


voltage, and in figure 31, the voltage gain is 


-107.1 


The voltage gain is essentially equal to the load resistance divided by 


the input resistance. In figure 31, a сай. 


107.1ту _ -9 
11.9mv 


Since input resistance is equal to the algebraic sum of the positive re- 
sistance and the diodes negative resistance (r. + С-ға). the gain can be 


predicted by the formula: 


A „== where r, = 
in 





In order to serve as a series amplifier, the total series positive re- 


sistance must be than the negative resistance of the tunnel 
(less, more) 


diode. The amplifiers input resistance is equal to the algebraic 
of the series positive and negative resistances. The 


series tunnel diode amplifier gives gain. 
(current, voltage) 





n * Cr 





31.11 END OF SET 


less 
sum 


voltage 


VERTICAL HORIZONTAL 
Ima/div. 0.05V/div. 













POLARITY + 
PEAK VOLTS RANGE 0-20V 
PEAK VOLTS 1V 


SERIES RESISTOR O 


TUNNEL DIODE IN 
DIODE ADAPTER 


1 310 


FORWARD 5 
CURRENT 
(ma) 
ly —> 





V 


P 
FORWARD VOLTAGE— U U. 
(VOLTS) 


TEST SET-UP: TEKTRONIX TYPE 575 TRANSISTOR-CURVE TRACER WITH DIODE ADAPTER. 
PHOTO ABOVE TAKEN WITH TEKTRONIX TYPE C-12 OSCILLOSCOPE CAMERA. 


FIGURE 32 


32 


32.1 


32.2 


GATING FRAME - 32 


The negative resistance region cannot be seen in figure 32 because the 
tunnel diode is in the mode. The 575 does not give a 
true and complete display of the tunnel diode El curve because of internal 
in the instrument. The tunnel diodes' negative resis- 
tance can be approximated from the display in figure 32 using the formula 


- A variable can 





be placed in parallel with the tunnel diode and the 575 used to measure 


The internal resistance of the Tektronix Type 575 Transistor-Curve Tracer 
is, in most cases, too large to allow abservation of the negative con- 
ductance region of a tunnel diode. Because of the high internal resis- 


tance, the tunnel diode is forced to switch between its positive slopes. 





switching 
resistance 
у-у 


КЕЙ. eak voltage - valley voltage v 
d™2 (peak current - valley current) ^7 (1-1 
v 
resistor Ч 
negative resistance 


The curve displayed on the 575 is actually a result of the algebraic 


addition of the resistance of the tunnel diode, and the 


resistance in series- 


no answer needed 


VERTICAL HOR I ZONTAL 
Ima/div. 0.05V/div. 






POLARITY + 
PEAK VOLTS RANGE 0-20/---7”% 


PEAK VOLTS 1V 


SERIES RESISTOR O 


TUNNEL DIODE IN 
DIODE ADAPTER 





FORWARD 5 

CURRENT 
(ma) 
тг 
0 
Vp M 
FORWARD VOLTAGE LLL 
(VOLTS) 


TEST SET-UP: TEKTRONIX TYPE 575 TRANSISTOR-CURVE TRACER WITH DIODE ADAPTER. 
PHOTO ABOVE TAKEN WITH TEKTRONIX TYPE C-12 OSCILLOSCOPE CAMERA. 


FIGURE 32 


32.3 


32.4 


32.5 


32.6 


A good approximation of the negative resistance of the tunnel diode can 
be made by solving from the 575 display and then multiplying the calcu- 
lated value by one half. 


v -vV 
Tram PL Y x 
1 - De. 
negative 
positive 


The negative conductance formula can be found by taking the reciprocal of 


the negative resistance formula. 


(Lr) 

“Sy 1 a; 2 5p. У 

v - v 

у-ү Р v 
PIN X 
pe, 





0.5 ог 1/2 = 


The negative resistance of the tunnel diode in figure 32 is approximately 
ohms, and the negative conductance 


is approximately umhos. 





V= 2(1--13 
gps v > PEN 
а 201-1) а Ч, 





no answer needed 





The negative resistance can be measured more accurately by adding a 
parallel variable resistor to the tunnel diode in the test set-up in 
figure 32A. 





or pe VP Vg 92075V = 0.375 <-17.60 
4472 0, - (2 2 (10та - 1.5та 
2 0p 7 !y) 2 (10ma - 1 
gym BE =2 (l0ma - 1.5ma) ~ -56,666 mhos 


Me M 0.075V - 0.375V 








1; rL VERY MUCH GREATER THAN -r 2. rL MUCH GREATER THAN “а 





3. r, GREATER THAN -r 


d 


TEST SET-UP: TEKTRONIX 


TYPE 575 TRANSISTOR-CURVE 
TRACER WITH TYPE C-12 CAMERA 


AND CIRCUIT SHOWN BELOW. 








575 
COLLECTOR 
TERMINAL 


575 
EMITTER 
TERMINAL 


d 








h. rL SLIGHTLY LESS THAN -r 


d 


VERTICAL 
2ma/div. 


HORIZONTAL 
0.05V/div. 









POLARITY + 


0-20V 
SERIES 


PEAK VOLTS 2V RESISTANCE 0 


FIGURE 32A 


32.7 


32.8 


32.10 


The parallel resistance is started at its maximum value so that it has 


very little effect, as shown in figure 32A1. 





no answer needed 





As the resistance of the variable resistor is decreased, the algebraic 


sum of the positive and negative conductances becomes less 


(negative, positive) 


as shown in figure 32A2. 





no-answer—needed = 


As the positive resistance value approaches the diodes' negative resis- 
tance value, as shown in figure 32A3, the diode is still switching be- 
tween the first and second positive slopes, but some oscillation is 


apparent in the negative resistance region. 


negative 


As the positive resistance becomes less than the negative resistance, 
the diode will stop switching to the second positive slope, as shown in 
figure 32A4. The resultant conductance is now at 


(positive, negative 


all points on the curve. 





no answer needed 








l. rL VERY MUCH GREATER THAN -r 








h. r, SLIGHTLY LESS THAN -r 


3. rL GREATER THAN -r L d 


d 


TEST SET-UP: TEKTRONIX VERTICAL HORIZONTAL 
TYPE 575 TRANS ISTOR-CURVE à 2ma/div. 0.05V/div. 
TRACER WITH TYPE C-12 CAMERA 
AND CIRCUIT SHOWN BELOW. 







575 
COLLECTOR 
TERMINAL 


POLARITY + 


0-20V 
SERIES 


PEAK VOLTS 2V RESISTANCE 0 


575 
EMITTER 
TERMINAL FIGURE 32A 


32.11 


32.12 


32.13%% 


32.1% 


The diode is removed from the circuit and the resistance of the variable 
resistor measured. The value measured is slightly less than the 


of the tunnel diode. 





positive 





The value measured for the tunnel diode used in figure 32 and 32A was 


14 ohms. The value approximated for this tunnel diode was 17.6 ohms. 


negative resistance 


The 575 internal resistance is high enough in most cases to cause å 


tunnel diode to switch between the slopes, and the El 





curve seen is a resultant and not a true representation of the diodes 
characteristics. The resistance region cannot be seen 
at all. The negative conductance can be approximated by the formula 
, or a variable resistor can be placed in 


with the tunnel diode and used as an aid in measuring negative resistance. 


no answer needed 








END OF SET 

positive 

negative 

-g = 2 a, = 1) 
poy 


33 


33.1 


33.2 


GATING FRAME - 33 


The tunnel diode will serve as a when the series 
positive resistance is greater than the diodes negative resistance and 
proper circuitry is used. In this mode, the diode only operates on the 
slopes of its El curve with fast transitions through 
the remaining region. The transitions can take place in fractional 
seconds. The load line for this mode of operation cannot 


intersect the resistance region alone. 


For linear amplification, the tunnel diode must be biased and operate 
only in the negative resistance region of its characteristic. This re- 


quires that the total series positive resistance be than the 


less, more) 


resistance. 


diodes 


switch 
positive 
nano 


negative 


Plotting the load line on the tunnel diode El curve for a positive re- 
sistance less than the tunnel diodes negative resistance, the slope of 


the load line will be than the negative resistance 


(steeper, less steep) 


region of the tunnel diode curve. 


less 
negative 
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UNSTABLE MODE: SWITCHING 


FIGURE 33B 


33.3 


33.4 


33.5 


negative 


For linear amplifier action, the load line must intersect the 


resistance portion of the tunnel diode El curve. 





(negative, positive 


steeper 


The diagram in figure 33A shows a load line and proper biasing for ampli- 


fier operation. The load line intersects the resis- 





tance region. 


The diagram in figure 33B has a load line with a slope that is not as 
steep as the negative resistance region. It is not possible for this 


load line to intersect the negative resistance region without also inter- 





secting the resistance region. 
negative 
The tunnel diode serve as a linear amplifier with the con- 


(can, cannot) 


ditions in figure 33B. 


positive 


FORWARD 
CURRENT 


FORWARD 
CURRENT 
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г< -га 
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STABLE MODE: AMPLIFIER 


FIGURE 33A 
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| 


INPUT 
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BIAS 
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FORWARD VOLTAGE 


UNSTABLE MODE: SWITCHING 


FIGURE 33B 


Ч 


1 
BIAS 
VOLTAGE 


33.7 


33.8 


33.9 


33.10 


If the series positive resistance is greater than the tunnel diodes 


negative resistance, it cannot serve as a linear 


cannot 


With the conditions in the diagram in figure 33B, the diode can rest on 
the first or second slope, but not in the 


resistance region. 





amplifier 


If forced beyond the first positive slope, the diode will switch rapidly 


to the second slope with the load line in figure 


33B. 





negative 


With a series positive resistance greater than the tunnel diodes negative 
resistance, the tunnel diode (when driven by an appropriate source) will 


between the slopes of its El 


curve. 


positive 


33.11 
33.12 
33.13** 
33.14 


The switching time between the positive slopes can occur їп а fraction of 


a nanosecond when the tunnel diode is used in proper circuitry. 


switch 
positive 


Very fast switching times can be accomplished with a tunnel diode with 
the total positive series resistance is than the diode's 


(greater $ Tess) 


negative resistance. 


no answer needed E = 


—_ 


Since the tunnel diode switch has a load line that is not as steep as the 

negative resistance region of the tunnel diode El curve, it cannot inter- 

sect the negative resistance region without also intersecting the 
resistance region. The tunnel diode can switch 


—-——— 
in fractional seconds. 





greater 





END OF SET 
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FIGURE 348 


34 


34.1 


34.2 


GATING FRAME - 34 


The tunnel diode in figure 34A is a driven, 


stable switch. Figure 34B is a driven, 





stable switch. When the input generator in figure 34A exceeds the 
of the tunnel diode, it switches to its 
high state and, when the input generator reduces below 
, the tunnel diode switches to its low state. When 
the input generator in figure 34B moves the load line past 
voltage, the tunnel diode switches to its high state and, when the load 
line is moved below voltage, the tunnel diode 


switches back to its low state. 


In figure 34A, the load line intersects the tunnel diode curve at # 
points, and the tunnel diode can rest at points Aor C. The series posi- 


tive-resistance is than the-diodes-negative resistance. 


(greater, less) 


current 

bi 

voltage 

bi 

peak current 
valley current 
peak 


valley 


With the tunnel diode resting at point A in figure 35A, the greater part 


(load resistor, diode) 


of the supply voltage is across the 


3 
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34.3 


ЕТЕП 


3%.5 


34.6 


If the input generator in figure 34A tries to increase the current beyond 
the diode's peak current, the tunnel diode will switch rapidly to some- 


where near point B and then rest at point on the diode curve. 


load resistor 


Increasing the diode's current beyond peak current with the load line in 
figure 34A will cause the tunnel diode to switch from its 


state to its state. 


The tunnel diode in figure 34A is a current driven switch and, when in 


its high state, the majority of the supply voltage is across the 


(diode, load resistor) 


high 


With the diode in figure 34A in its high state (resting at point C), the 
input generator must reduce the current below current to 


cause it to switch back to its low state. 





diode 
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34.7 


34.8 


34.9 


34.10 


ЕТІ 


The tunnel diode in figure 34A is a bi-stable, current driven switch. 


It is driven by current changes and has stable states. 





valley 


Figure 34B is a voltage driven, bi-stable switch in that it is driven by 


changes and has stable states. 


With the tunnel diode in figure 34B resting at point A, the majority of 


the supply voltage is across the 


(diode, load resistor) 


voltage 


two 


If the input generator increases the supply voltage, as shown in figure 
348, the load line (as shown by the dotted line) no longer intersects the 


first positive slope, and the tunnel diode must 


load resistor 
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34.11 


34.12 


34.13 


3b. Meet 


The diode switched to somewhere near point B and then rests at point C in 
figure 348. In this state, the majority of the supply voltage is across 


(diode, load resistor) 


the 


switch 


With the tunnel diode resting at point C, if the input generator reduces 
the supply voltage until the load line no longer intersects the second 
positive slope (as shown by the dashed line in figure 34B), the tunnel 
diode switches to its state. 





diode — =a 





The tunnel diode initially switches to a point near point D in figure 348 
when switched from its high to its low state. It then rests at point A 
again. The driving generator must move the load line below the 


voltage to switch the diode from its high to its low 





state, 


low 

The tunnel diode switch can be current or voltage driven and serve as a 
-stable switch. When current driven, the switching levels are 

the and current levels. When 

voltage driven, the switching levels are the and 


voltage levels. 





valley 
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35 


35.2 


35.3 


GATING FRAME - 35 


With a value of total positive resistance (r) equal to A in figure 35, the 
tunnel diode circuit will operate in the mode and can be 
used as an . The total positive resistance (r) is 

than the ratio of total inductance (L) to the product of 
the absolute value of negative resistance (rj). and the total capacitance 
(C). Tunnel diode amplifier operation requires a power 


supply resistance. (high, low) 


Using the graph in figure 35, a value of r greater than га results in the 


tunnel diode operating in the mode. 


stable (amplifier) 

amplifier 

greater 

low - = _ s 





A low value of L is indicated by figure 35 if unstable operation and 


are to be avoided. 








unstable (switching) 


For amplifier operation, the total positive resistance must be less than 


the negative resistance of the tunnel diode. This requires a 





resistance circuit. 





oscillations 
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TER 


Tunnel diodes have values of negative resistances ranging from a few ohms 
to several hundred ohms. The bias power supply used must have a low 


internal when biasing a tunnel diode amplifier. 





low 


Referring to figure 35, if it is desired for the tunnel diode to oscillate, 


the positive resistance must be less than and 





resistance 


Figure 35 outlines the stability requirements for all modes of operation. 


The stability requirements for linear amplifier operation are 
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36.12 


36.13 


36.14% 


36.15 


Figure 36A compares the backward diode to the conventional diode. The 
backward diode has a forward conducting drop and a 


(Tow, high) 
peak inverse voltage rating when compared to the conventional 


(low, high) 


diode. 
backward 


An example of a circuit application of the backward diode is as a coupling 
diode in a tunnel diode switching circuit. The conducting drop of a con- 
ventiona: diode in larger than the switching voltage of a tunnel diode, 


therefore, the conventional diode cannot be used. 


ЕН 


Тһе P side serves as the in a backward diode, and it 
is used where a low conducting drop is desirable, and 
a limited non-conducting mode voltage can be toler- 


ated. 


no answer needed 


END OF SET 


cathode 
voltage 
breakdown 
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37.1 


37.2 


GATING FRAME - 37 


Fast switching diodes are designed for capacitance and 


low charge for faster forward and reverse recovery. For- 


ward recovery occurs during the time it takes the diode to switch from 
current to a given equilibrium value. 


Reverse is the time interval between the time of 
application of a reverse switching voltage to a conducting diode, and the 


time at which reverse reaches a predetermined recovery 


level. 


Diodes designed for fast switching service have their capacitance held to 


a minimum to enhance switching 4 





low, small 
stored 
zero 
forward 
recovery 
current 


When a non-conducting diode has a forward switching voltage applied in 
an attempt to turn it on, it will take a period of time to reach full 


conduction. 


speed, time, etc. 


37.3 When a diode in full conduction is switched with a reverse switching 
voltage in an attempt to turn if off, a period of time is required to re- 


move the charge. 





no answer needed 


37.4 A diode with zero applied voltage is at equilibrium, and a 


region exists about the junction. 





AREA DEPLETED 
OF CARRIERS 


ZERO BIAS 





stored 





37.5 The depletion region can be likened to the dialectric in a charged 
capacitor. The N and P regions on either side of the depletion region 


serves as the of the capacitor. 


depletion 


37.6 


37.7 


37.8 


37.9 


Majority carriers must be moved into the depletion region and across the 
junction before the diode can conduct. This can be compared to charging 


a 





plates 


A period of time is required to move majority carriers into the depletion 
region and across the junction where they become minority carriers and 
recombine. Moving carriers into the two sides can be related to 


a capacitor. 


capacitor 


Once in full conduction, a stored charge of minority carriers exists 
about the junction. In order to turn the diode on, this 
must be established. 





charging 


When an attempt is made to turn on a non-conducting diode very rapidly, 
the period of time between the 10% and 90% points on the forward current 


rise is termed forward recovery time. 





stored charge 


38.3 


38.4 


38.5 


38.6 


A reverse switching voltage should reverse bias the diode to turn it off. 
A voltage applied to the anode, or a 


voltage applied to the cathode will reverse bias a diode. 


forward 


A reverse switching voltage of sufficient magnitude will turn 


a conducting diode. 





positive 


The diode reverse recovery time is measured between the time of appli- 


cation of a reverse switching voltage and the time the reverse current 


has reached a predetermined recovery level. This current level is 
termed reverse current. 
off 


The reverse recovery time is measured between the time of application of 
a reverse switching voltage to a conducting diode and the time at which 
the reverse current has reached the 


current level which is given the symbol i 


recovery 


90% 
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пеаг 


--ct ing 


ise is 


covery 


: conds. 


38A to 


tfr of the diode in figure 38A is approximately S 


seconds. 


forward 


Figure 38B is a test set-up and measurement of diode reverse recovery time. 
The Type 291 has the diode initially conduct ing ma of 


current. 





0.6 nano 





In figure 38B, a switching voltage is applied to turn 
the diode 


20 
forward 


When the reverse switching voltage is applied in figure 38B, the current 


switches from forward to 4 


reverse 
off 
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FIGURE 38B 


38.15 The reverse current in figure 38B is due to the 


near the junction of the conducting diode. 


reverse 
38.16 The stored charge must be removed to turn off the diode. When sufficient 
stored charge has been removed for the current to reach reverse recovery 
current level , the diode is considered to be recovered. 
(symbol) 


stored charge 





38.17 The reverse recovery time in figure 38B is approximately 
nanoseconds. 
i 
LU 
38.18 The diode in figure 38B is considered to be recovered when the reverse 


current reaches ma. 
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FIGURE 38B 


38.19 The current above the zero current line in figure 38B is a result of the 


diode's . 


38.20 Increasing the forward current that the diode is conducting will 


the stored charge and the reverse recovery time. 


stored charge 





38.214 


< С 


Di © 


Aisa switching voltage and B is a switch- 


ing voltage. Forward recovery time is measured between the 10% and 90% 


points on the forward waveform of a diode driven by а 
forward switching voltage. Reverse recovery time is measured between the 
time of application of a reverse switching voltage to a conducting diode 
and the time that the reverse current reaches the 


current level (i__). 
гг 


increase 


38.22 END OF SET 


forward 
reverse 
current 


reverse recovery 
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39.1 


39.2 


39.3 


GATING FRAME - 39 


Stored charge is given in of pico- and 
is the amount of charge stored by a forward conducting diode. ға 15 
given as a ratio of stored charge and forward . It is 
generally stated in pico-coulombs per of forward 

Power handling of fast switching diodes is limited 
by factors as/than other diodes. 


(the same, different) 


Stored charge is given in coulombs or pico-coulombs and its magnitude is 
dependent on the lifetime of the minority carriers and the amount of for- 


ward current in the diode. 


coulombs 

coulombs 

current — — 
milliampere 

current 

the same 


Since minority carrier lifetime is constant for a given diode, the 


variable effecting stored charge is the magnitude of forward current. 


no answer needed 


The minority carrier lifetime which governs the magnitude of stored 
charge per unit of forward current is given the symbol ar and is con- 


stant for a given diode. 


no answer needed 





39.4 


39.5 


39.6 


39.7 





no answer needed 


T is generally stated as a ratio of stored charge to forward current, 


rather than stating time as its dimension. 


no answer needed 


Stored charge (0.) is dependent on the magnitude of forward current. Тһе 
amount of stored charge will vary directly with the amount of forward 


for a given diode. 





Ta serves as a convenient factor that may be used to determine the amount 


of stored charge for a given amount of forward current. 


Q, = (forward current) x ( ) 


current 


та is generally given in pico-coulombs per milliampere. Total stored 
charge can be found by taking the product of and the 


forward current in milliamperes. 


39.8 


39.9 


39.10 


39.11 


Given: Få = 10 pico-coulombs per milliampere, forward current = 0.06 


amperes, stored charge = pico-coulombs. 


la` | 


Fast switching diodes have design considerations for switching speed, 


but power limitations are set by the same factors as other diodes. 


600 


Maximum voltage, current and power are set by the ambient temperature, 
maximum operating temperature of the diode, and total 


resistance. 





no answer needed 


Switching diodes will have most of the same parameters and specifications 
as the rectifier diode with the addition of diode times 


and characteristics. 


thermal 





39.12** (0. is given in coulombs or pico- 
coulombs. is generally given in pico-coulombs per milli- 
ampere. Switching diode maximum power is set by 

(the same, different) 
factors as/than other diodes. 
switching 
39.13 END OF SET 
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40.2 


40.3 


GATING FRAME - 40 


The snap-off diode is designed for T, Or stored charge per 
(large, small) 
milliampere of forward current. Its distinguishing feature is a fraction- 


al nano-second current fall time when switched with a re- 
verse switching voltage. This portion of its characteristic is used for 
risetime pulse generation. Adjusting the 


current changes the storage time. 


The term snap-off refers to the speed at which the diode reverse current 


cuts off when switched with a reverse switching voltage. 


large 

reverse 

fast — ээ €— 
forward 


The snap-off diode is designed for a large Tq but care is taken that re- 
verse current due to stored charge will decrease abruptly or 
off. 


no answer needed 





The conventional switching diode is designed for low minority carrier 


lifetime for low charge. 





snap 
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FIGURE 40A 


40.4 


40.5 


40.6 


Figure 40A indicates that the snap-off diode has very much 


(more, less) 


stored charge per unit of forward current than the conventional switching 
diode. 


stored 


The conventional diode in figure 40A has a low stored charge, but the 
fall time of the reverse current of the snap-off diode is much 


than the conventional diode. 


(faster, slower) 





more 





The snap-off diode has controlled doping and minority carrier lifetime 
throughout the device to give a large stored charge per unit of forward 


current, but to have the reverse current - 





rapidly. 


faster 
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40.7 The snap-off characteristic of the snap-off diode occurs in fractional 


-seconds, as shown in figure 40B. 





snap-off 


40.8 Using the snap-off portion of the diodes characteristic as the leading 
edge of a generated pulse gives a fractional nano-second 


time pulse. 





nano 





40.9 The snap-off diode is used in circuitry to shape up the leading edge of 
generated current or voltage pulses. This is possible due to the rapid 


snap-off of its current. 








rise 

40.10 When switched from forward conduction with a reverse switching voltage, 
the snap-off diode will continue to conduct for the duration of the stored 
charge and then - in a fractional -second. 


reverse or storage 
aaa eae 
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FIGURE 40C 


40.11 


40.12 


40.13 


40.14 


In the top photo in figure 40C, the total storage time is about 


nano-seconds. 


snap-off 


nano 


The lower photo in figure 40C has the forward current increased to 50 ma, 


and the storage time has increased to over nano-seconds. 


Increasing the forward current increases the stored charge and the 


time of the snap-off diode. 


The amount of delay between the application of the reverse switching 


voltage and the time snap-off occurs can be varied by varying 





storage 








y 
vi 


10.159 


40.16 


The snap-off diode has a large stored charge per unit of forward current 
and, when switched with a reverse switching voltage, continues to con- 


duct for the duration of the and 





then abruptly. Varying the forward 





current varies the stored charge and the storage time. Using the snap-off 


region in pulse generation gives fast time pulses. 





forward current 
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A diode's risetime is measured on the system in figure НА, апа the 
measurement taken on the cathode ray tube is 0.65 nanoseconds. This is 
not the true diode risetime. The diode's risetime may be calculated from 
the formula 

or the risetime of the without the may be 
measured and used in conjunction with the 0.65 nanosecond measurement to 


solve for true diode risetime. 


A risetime measurement of 0.65 nanoseconds on the system in figure 41A 
is approximately equal to the square root of the sum of the squares of 


all the risetimes of the diode and the measurement system. 


RT diode s NT sessured? RT 99? RT 99 2 8Т,6 1661 Ч RT Cables? 


system B = 
diode 





RT measured | ge? F RT) 992 * RT 9912 * RTug1/6612 * RTeables? 
no answer needed 

Squaring both sides and transposing: 

RT easured? E RT 199? р, RT 9912 р RT 45 1/6617 4 Қам е SRT ode? 


no answer needed 
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FIGURE 418 


41.4 
41.5 
41.6 
41.7 


Taking the square root of both sides: 





RTus1/661 





RT diode” 


no answer needed 





To simplify the calculations, the risetime of the system without the 


diode can be measured and used in solving for risetime. 





no answer needed 


Figure 41B is the measurement of system risetime. The risetime of the 


system is about nanoseconds. 





diode 





In figure 41B, the diode is simply shorted out and the system risetime 


checked. This risetime can then be used in calculating diode 


© 
мл 





TIME (nseg)=« > 


MEASUREMENT OF SYSTEM RISET IME 
BEFORE A DIODE IS INSERTED 







CABLE lOnsec RG-58 CABLE 10nsec RG-58 





109 





SHORTED 
TYPE 661 


OSCILLOSCOPE 


SAMPLES /CM 


TRIGGERING 
SOURCE INT 


TIME EXPANDER X5 


SWEEP TIME/CM 
POWER/POLARITY I nanosec. 


AT CATHODE OFF 


DIODE FIXTURE 
SHORT ED 





(These settings give a 
time/CM of 0.2 nanosec/CM.) 


FIGURE 418 


41.8 
41.9 
41. 10%%* 
41.11 


Diode risetime is equal to: 


RT diode ~ VRT measured - RT system” 


risetime 
The risetime of the system in figure 41B is 0.5 nanoseconds. A measured 


risetime of 0.65 nanoseconds would indicate that the diode's risetime is 


approximately nanoseconds. 


. = МІ 
RT diode RT measured” - RT system? 
2 -9,2 2 
& Y(0.65 x 109)? = (0.5 x 10°9) 


A diode's risetime is measured as 0.8 nano-seconds on the system in figure 








no answer needed 


LIA. The true diode risetime is approximately 





nanoseconds. 





0.4146 





END OF SET 





RT diode” VRT measured? B RT. stem" 


= 0.8 nanosec? - 0.5 nanosec? 
R AK(0. 6. - 0.25) nanosec 
= V.39 nanosec 


0.625 nanoseconds 


GAT ING FRAME - 42 


42 is the symbol for a four layer or shockley diode. It 
will remain non-conducting until the applied voltage exceeds the 
switching voltage. With voltage applied, it will show 
the characteristics of a silicon rectifier. The diode will switch from 


"on" to "off" when the current is reduced to below minimum 


42.1 The four layer or shockley diode is a four layer, triple junction device. 


ANODE 


forward 


reverse 
CATHOD 
holding current THODE 





42.2 The N type end serves as the , and the P type end serves 


as the of the four layer diode. 
ANODE 








no answer needed 


CATHODE 


42.3 Applying a positive voltage to the anode or a negative voltage to the 


cathode is forward voltage to the four layer diode. 


cathode 
anode 


42.4 Forward voltage will attempt to forward bias two of the junctions, but 


bias the third junction. 


FORWARD BIAS 
REVERSE BIAS 






FORWARD —— 
VOLTAGE T 


FORWARD BIAS 


CATHODE 


no answer needed 


42.5 The point at which the center junction starts to avalanche is termed the 


forward switching voltage and the diode switches on at this point. 


reverse 


100 
FORWARD 
CURRENT 

(ma) 





FORWARD VOLTAGE (VOLTS)—= 
FORWARD VOLTAGE LESS THAN THE 
DIODES FORWARD SWITCHING VOLTAGE 


200 


100 
FORWARD 
CURRENT 

(ma) 


POINT B 





FORWARD VOLTAGE (VOLTS)-— 


FURTHER INCREASE IN FORWARD VOLT- 


AGE INCREASES FORWARD CURRENT 


COLLECTOR 
VOLTS 0-200V 


COLLECTOR 
TERMINAL 


VARIED FOR 
PHOTOS ABOVE 


FOUR LAYER DIODE 
IN DIODE ADAPTER 


EMITTER 
TERMINAL 


POLARITY+ 


200 


FORWARD 
CURR ENT 
(ma) 





10 20 30 40 50 


FORWARD VOLTAGE (VOLTS) => 
FORWARD VOLTAGE GREATER THAN THE 
DIODES FORWARD SWITCHING VOLTAGE 


TEST SET-UP: TEKTRONIX TYPE 575 
TRANS ISTOR-CURVE TRACER MOD 122C WITH 
DIODE ADAPTER. PHOTOS ABOVE TAKEN 
WITH TYPE C-12 OSCILLOSCOPE CAMERA. 


POINT A 


HORIZONTAL 
5V/div. 


VERTICAL 















20ma/div. 





FIGURE 42 


42.7 


42.9 


When the forward switching voltage is exceeded, the diode switches to its 
conducting state. Its resistance changes from megohms to a few ohms in a 


micro-second, typically. 





no answer needed 





The voltage across the diode rapidly when the for- 


(increases, decreases) 


ward switching voltage is exceeded. 





no answer needed 





Figure 42 shows the El curve of a four layer diode. Point A indicates the 





decreases 





Point B is the minimum current that will maintain the diode in the 


condition and it is termed "holding current". 





forward switching voltage 





42.10 


42.11 


42.12 


Reducing the current below the minimum holding current а, level will 


cause the diode to switch back to the non- state. 


on or conduct ing 


To maintain the diode in the ON condition, the current must be held above 


the minimum level. 





conduct ing 


The symbols used for the four layer or shockley diode both indicate that 
four layers are present. Symbol A is used by Tektronix. 


ANODE 


A CATHODE 


holding current 


42.13 The point of the four in one symbol for the four layer diagram indicates 
the end of the device. In the symbol used by Tektronix, 
the tip of the arrow pointing away from the center indicates the 


end of the device. 


ANODE 
A CATHODE 


42.14 Application of reverse voltage to a four layer diode reverse biases 

(#) of the three junctions, and the reverse El curve resembles 
that of a silicon rectifier. Reverse-current will increase greatly when 
avalanche breakdown occurs. (LIMITED BY THE SERIES RESISTANCE.) 





no answer needed 


cathode 
cathode 
Жек 
42.15 А 
в 

A is the and B is the of the symbols 
shown for the diode. The diode will turn on 
when the is exceeded and will 


switch off when current is reduced below the minimum 


The reverse voltage El curve resembles the 





reverse voltage El curve. 


two 


42.16 END OF SET 


——— 


anode 

cathode 

four-layer 

forward switching voltage 
holding current 

silicon rectifier 


43 


43.1 


43.2 


c GATING FRAME - 13 


B is the symbol for a rectifier. A 
is the » 8 15 the , and C is the 
It is similar in construction to the four layer diode 
with the addition of the . Applying a 
current reduces the forward switching or voltage. The 
device may be switched on with a current pulse, but the 
current must be reduced below minimum current to return it 


to the "off" condition. 


The construction of the silicon control rectifier (SCR) is similar to the 


four layer diode with the addition of the connection. 


ANODE 


silicon control 
cathode 

gate 

anode 

gate 

gate 

blocking 

gate О O 
holding GATE CATHODE 





The gate connection allows control of the current in the junction nearest 
the cathode and, at zero gate current, the SCR will have an El curve 


similar to the layer diode. 





gate 





FORWARD 
CURRENT 
(ma) 







GATE CURRENT APPLIED 
O GATE CURRENT 


o 40 80 120 200 


POINT A 
FORWARD VOLTAGE » 
(voLTS) 


SILICON CONTROL RECTIFIER El CHARACTERISTIC 


VERTICAL HORIZONTAL 
10ma/div. 20V/div. 












POLARITY + 


BASE STEP GENERATOR 


POLARITY + SUPPLYING GATE CURRENT 
PEAK мэн RANGE 575 COLLECTOR, 
IE TERMINAL 
PERCENTAGE 1007 SILICON CONTROL 
RECTIFIER 


SERIES RESISTOR 2K 
8) 575 BASE TERMINAL 


575 EMITTER TERMINAL 


TEST SET-UP: TEKTRONIX TYPE 575 TRANSISTOR-CURVE TRACER MOD 122C 
TOP PHOTO TAKEN WITH TYPE C-12 OSCILLOSCOPE CAMERA 


FIGURE 43A 


43.4 


43.6 


Application of a gate current to the SCR will raise the cathode current 
level and reduce the forward voltage required to switch to an "on" condi- 


tion. 





four 





Figure 43A shows the El characteristics of the SCR with zero gate current 


and with an applied gate current. The forward switching voltage varies 


(inversely, directly) 


as gate current varies. 


no answer needed =з — 


With the applied voltage at point A in figure 43A, the diode will be 


quiescently with zero gate current applied. 


on, off) 


inversely 


Applying a gate current of the magnitude shown in figure 43A will reduce 
the diode's forward switching voltage below point A and the diode will 


switch on. 


off 


43.7 The diode current must be reduced below minimum current to 


turn the diode off. 





no answer needed 





43.8 The gate has no control when the SCR is in its state. 
holding 
43.9 The SCR symbol uses the conventional diode symbol with the addition of 


the line indicating the 





ANODE 


d GATE CATHODE 
on 


FORWARD 50 
CURRENT 
(ma) 





0 500 
FORWARD 321 


— 
Wu GATE CURRENTS 


FORWARD 50 
CURRENT 
(ma) 


NOTE: GATE CURRENTS 
INCREASE WITH 1 THE 
LOWEST MAGNITUDE. 





FORWARD 
VOLTAGE — 6 1 
(VOLTS) GATE CURRENTS 


TEST SET-UP: TEKTRONIX TYPE 575 TRANSISTOR CURVE TRACER, MOD 122C. 
PHOTOS TAKEN WITH TYPE C-12 OSCILLOSCOPE CAMERA. 


FIGURE 438 


43.10 The symbol for an SCR is shown with a rough cross section. A is the 
, and C is the . 








gate 





43.11 Figure 43B shows the SCR at several values of gate currents. Forward 


switching or blocking voltage decreases as gate current is . 


cathode 
gate 


43.12 A small current pulse applied to the gate can switch large amounts of 
power with the SCR in suitable circuitry. 


increased 


43.13 


АГ 


43.15 


А large switched power gain can be accomplished with an SCR with the 


as the input. 





no answer needed 


is the symbol for a silicon control rectifier. Except 
for the gate, it is similar in construction to the 


diode. The forward switching voltage varies as gate 
inversely, directly) 


current varies. Application of a gate current can be used to turn the 
diode on, but diode current must be reduced below minimum 
to turn it off. 





gate 





END OF SET 


four layer 
inversely 


holding current 


SELF TEST 


Read each question carefully studying any diagrams provided and select the most 
correct answer. 


1. Surrounding the material to be doped with the dopent in a gaseous form, and 


then subjecting it to heat is termed doping by 


thermodynamics 
diffusion 

epitaxial deposition 
planar masking 


ассо 


2. Close control of silicon rectifier characteristics is accomplished by doping 
with the process in high silicon. 


a. epitaxial layers, resistance 
b. rate growing, resistance 

c. diffusion, resistance 

d. rate growing, reactance 


3. Maximum operating temperature of silicon rectifiers is about 


degrees centigrade. 


a. 175 
b. 100 
c. 325 
d. 75 


4. When sufficient voltage is applied to turn on a diode in the forward direction, 


or cause breakdown in the reverse direction, the current is 





limited. 


a resistance 
b. depletion layer 
c. stored charge 

d. majority carrier 


5. A forward biased silicon diode exhibits a temperature coeffi- 


cient of voltage at low currents, which means the diode voltage will 





with an increase in temperature. 


positive, increase 
negative, increase 
. positive, decrease 
negative, decrease 


ассо 


п. 


A silicon diode in avalanche breakdown has а temperature co- 
efficient of voltage. 


negative 

positive 

0% 

-1.2V/degree centigrade 


Loco 


The peak value of a-c voltage that can be applied to a silicon rectifier is 
limited by the diodes! rating. 


a. peak forward voltage drop 
b. maximum forward current 
с. maximum reverse current 

d peak inverse voltage 


The forward voltage drop of a silicon diode will vary with 





and > 








a. forward current, series resistance 
b. junction capacity, ambient temperature 
c. forward current, ambient temperature 
d. ambient temperature, stored charge 


The diode's forward current and voltage can be used to calculate diode's forward 


and 


power dissipation, resistance 
biasing, resistance 
capacitance, time constant 
reactance, resistance 





om 


Maximum steady state power dissipation of a silicon rectifier is limited by the 


, and 





a 
series resistance, thermal resistance, maximum junction capacity 
thermal resistance, maximum junction temperature, ambient temperature 
thermal resistance, thermal time constant, thermal capacity 


series resistance, applied voltage, ambient temperature 


Low 


Attaching a silicon rectifier to an external heat sink reduces total 





power dissipation 
ambient temperature 
thermal capacity 
thermal resistance 


ассо 


17. 





Silicon rectifiers are stacked in series to increase the rating. 


a. peak inverse voltage 
b. forward current 
c. forward voltage 
d. reverse current 


For proper operation, series stacked rectifiers must have near equal 
and , Or they may be damaged. 


. reverse resistances, forward voltages 

. stored charges, reverse resistances 
forward voltages, forward currents 

. peak inverse voltages, reverse currents 


Low 


Shunting resistors may be added to series stacked silicon rectifiers to mini- 
mize the effects of unequal . 


a. stored charges 

b. forward voltages 

с. reverse resistances 
d. forward currents 


Shunting capacitors may be added to series stacked silicon rectifiers to mini- 
mize the effects of unequal à 


a. reverse resistances 
b. forward currents 

c. Stored charges 

d. forward voltages 


A junction at equilibrium has the two ends separated by a depletion region, 


and serves as a that may be varied by application of 





a. resistor, light energy 
b. inductor, voltage 

c. capacitor, voltage 

d. conductor, pressure 


is the symbol for a > 


a. voltage variable capacitor 

b. snap-off diode 

с. step recovery diode 

d. temperature compensated zener diode 


18. 


20. 


21. 


22. 


23. 


The name zener diode is misleading because 





it was developed by Mr. Esaki 

many zeners operate in avalanche breakdown 
it is not really a diode at all 

most zeners operate in tunnel breakdown 


ancy 


The zener diode normally operates in the region of its ЕІ 
characteristic. 


a. reverse breakdown 
b. low reverse current 
c. high forward current 
d. forward saturation 


The point of entry into the normal zener diode operating region of the EI 


curve is termed the 





a. zener zone 

b. push through point 
c. diffusion point 

d. zener knee 


When operated as a voltage reference, the zener diode circuit shown will have 
electron movement from to through the diode. 


a. B, A 
b. A, B 











Power dissipation by the zener diode is limited by considerations 


as/than other diodes. 


a. different 
b. the same 


The number 10M47Z5 indicates a watt zener diode. 


a. 47 
b. 5 

c. 10 
d. 1/4 


24. 


25. 


26. 


27. 


28. 


29. 


noise level generated in a VR tube. 


The number 50M47Z indicates that the zener diode has a % nominal 


zener voltage tolerance. 


a. 50 
b. 47 
с. 5 
а. 20 
е. 10 


The voltage regulator (VR) tube is limited to a minimum voltage of about 
volts, while the zener is available over the entire voltage 


range up to several hundred volts. 


a 12.3 
b. 70 
с. 105 
d. 28 
The noise level generated in a zener diode is as/than the 





a. much less 
b. about the same 
с. much greater 


A shunting will reduce the noise level in the zener diode. 


a. capacitor 

b. conventional diode 
c. resistor 

d. inductor 


A zener diode operating in breakdown has a positive temperature 


coefficient of voltage. 


a. zener 
b. tunnel 
c. avalanche 
d. punch through 
A forward biased diode at low currents has a temperature co- 


efficient of voltage. 


a. positive 
b. negative 
с. zero 


36. 


37. 


38. 


39. 


40. 


4l. 


42. 


Reverse voltage applied to a tunnel diode results in increased tunneling from 
the to the side. 


a. N, 
Р, 


Р 
b. N 


The magnitude of tunnel diode peak current (1,) is determined by junction 





a. geometry 
b. doping levels 
c. forward voltage 
d. reverse voltage 
Valley current is measured at a point between and 


a. tunnel breakdown, avalanche breakdown 

b. zero bias, peak current 

c. peak current, normal forward turn on 

d. normal forward turn on, avalanche breakdown 


A negative resistance can be defined as a resistance that will 
power. 
a. generate 
b. dissipate 
c. store 
The tunnel diode will serve as an amplifier when placed in proper circuitry 
and operated 


a. on the first and second positive slopes 

b. on the first positive slope only 

c. in the negative resistance region and the first positive slope 
d. in the negative resistance region only. 


Current amplification can be accomplished by operating the tunnel diode in an 


amplifier configuration in with its load resistor. 


ұ 5 Qv 


Symbol is not a symbol for a tunnel diode. 


a. series 
b. parallel 


аа со 
оосор 


43. 


bk. 


45. 


46. 


47. 


To serve as an amplifier, the negative resistance of the tunnel diode must be 
to/as/than the total circuit positive resistance. 


greater 
less 
as large 
equal 


ancy 


The total resultant conductance of a tunnel diode amplifier circuit must be 





a. inductive 
b. capacitive 
c. negative 
d. positive 


The tunnel diode will switch between positive slopes when the circuit positive 
resistance is the tunnel diode negative resistance. 
a. less than 
b. equal to 
c. greater than 
The positive resistance of the Type 575 Transistor Curve Tracer generally 
makes it impossible to observe the negative resistance region of the tunnel 
diode El curve, since it forces the tunnel diode to operate in the 
mode. 
switching 
amplifier 
stable 
carrier insertion 


сокто 


A tunnel diode switch can be current or voltage driven and will switch be- 
tween slopes in fractional seconds. 

negative, pico 

positive, milli 

positive, atto 

positive, nano 


ao 


To switch a tunnel diode from its high state to its low state requires that 


the current be 





increased above peak current 
. decreased below valley current 


cut-off completely 
increased to diode saturation 


ассо 


19. 


50. 


51. 


52. 


53. 


58. 


The majority of the supply voltage in a tunnel diode switching configuration 
will be across the diode when it is in its state. 


a. high 
b. low 


A diode with doping levels and construction similar to a tunnel diode, but 
with near zero peak current, is termed a diode. 


voltage variable capacitor 
snap-off 

half tunnel 

backward 


оосо 


A diode that offers a very low conducting voltage drop when used as a con- 
ventional rectifying diode is the diode. 


snap-off 

snap-on 

step recovery 

half tunnel 

backward — ээр 


e cno. 


Forward recovery in a fast switching diode occurs during the time the current 


changes from to when switched with a switching 





voltage. 


a zero, a forward equilibrium value 

b. a forward equilibrium value, zero 

c. a forward equilibrium value, a designated recovery level 
d on, off 


Forward recovery is measured between the % апа % current 


points when the diode is switched with a switching voltage. 





a. 90, 10, reverse 
b. 50, 50, forward 
c. 10, 90, forward 
d. +50, -50, reverse 


Reverse recovery is the time interval between the application of a 
switching voltage to a conducting diode, and the point at which reverse 
current reaches 


reverse, designated recovery level 
forward, designated recovery level 
reverse, zero 


a 
b. 
c. 
d forward, zero 


55. 


56. 


57. 


59. 


60. 


Forward switching voltage is a 


cathode, or a 


a. 
b. 


positive, negative 
negative, positive 


voltage applied to a diodes 


voltage applied to a diodes anode. 


The carriers recovered during reverse recovery time make up the diodes 


aoc 


depletion region 
surface leakage 
contact resistance 
stored charge 


0, is the symbol for diode stored charge, but a convenient unit of measure 


usually given in pico-coulombs per milliampere, is given the symbol 


a. 


b. 
с. 
d 


$q 


T 
04 


4 
94 


Stored charge varies directly as and 


Loro 


The snap-off diode is designed for a 


minority carrier lifetime, forward current 
minority carrier lifetime, reverse switching voltage 
forward current, reverse switching voltage 
forward switching voltage, minority carrier lifetime 


forward current, and a fast 


waveform. 
a. low, fall 
b. high, rise 
c. high, fall 
d. low, rise 


stored charge per unit of 


time of the reverse recovery 


The snap-off diode continues to conduct for the duration of the 


when switched with a reverse switching voltage. 


co 


an 


reverse switching voltage 


stored charge 


carrier cancellation time 


week 


61, 
is the symbol for a diode. 


shockley 

snap-off 

back to back zener 
four layer 

either a or d 


оососоо 


62. 
is the symbol for a , and Å indicates the 


snap-off, injector 

four layer, control lead 
shockley, shield 

silicon control rectifier, gate 
shockley, gate 


0005 


m + 


ANSWERS TO SELF TEST 


22. b 
23. © 
24. d 
25. b 
26. b 
27. a 
28. c 
29. b 
30. b 
31. a 
32. b 
33. c 
34. c 
35. c 
36. b 
37. а 
38. c 
39. a 
40. d 
hl. b 
42. c 


із. 


45, 
46. 
47. 
18. 
49. 
50. 
51. 
52. 
53. 
54. 
55. 
56. 
57. 
58. 
59. 
60. 
61. 
62. 


